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NATIONAL  ACADEMY  OF  SCIENCES— 

NATIONAL  RESEARCH  COUNCIL 

The  National  Academy  of  Sciencea — National  Research  Council  is  a  private, 
nonprofit  organization  of  scientists,  dedicated  to  the  furtherance  of  science  and  to  its 
use  for  the  general  welfare. 

The  Academy  itself  was  established  in  1863  under  a  Congressional  charter  signed 
by  President  Lincoln.  Empowered  to  provide  for  al’  activities  appropriate  to  academies 
of  science,  it  was  also  required  by  its  charter  to  act  as  an  adviser  to  the  Federal 
Government  in  scientific  matters.  This  provision  accounts  for  the  close  ties  that  have 
always  existed  between  the  Academy  and  the  Government,  although  the  Academy  is 
not  a  governmental  agency. 

The  National  Research  Council  was  established  by  the  Academy  in  1916,  at  the 
request  of  President  Wilson,  to  enable  scientists  generally  to  associate  their  efforts 
with  those  of  the  limited  membership  of  the  Academy  in  service  to  the  nation,  to 
society,  and  to  science  at  home  and  abroad.  Members  of  the  National  Research  Council 
receive  their  appointments  from  the  President  of  the  Academy.  They  include  repre¬ 
sentatives  nominated  by  the  major  scientific  and  technical  societies,  representatives  of 
the  Federal  Government,  and  a  number  of  memh*rs-at-large.  In  addition,  several 
thousand  scientists  and  engineers  take  part  in  the  activities  of  the  Research  Council 
through  membership  on  its  various  boards  and  committees. 

Receiving  funds  from  both  public  and  private  sources,  by  contributions,  grant,  or 
contract,  the  Academy  and  its  Research  Council  thus  work  to  stimulate  research  and 
its  applications,  to  survey  the  broad  possibilities  of  science,  to  promote  effective  utiliza¬ 
tion  of  the  scientific  and  technical  resources  of  the  count!  y,  to  serve  the  Government, 
and  to  further  the  general  interests  of  science. 


MATERIALS  ADVISORY  BOARD 

The  Materials  Advisory  Hoard  is  a  part  of  the  Division  of  Engineering  and 
Industrial  Research  of  the  Academy- Research  Council.  It  was  organized  it)  1931  under 
the  name  of  the  Metallurgical  Advisory  Board,  with  assignments  from  the  then  existing 
Research  and  Development  Hoard  of  the  Department  of  Defense.  At  that  time,  the 
Research  and  Development  Board  requested  the  Hoard  to  accept  tusks  covering  a  broad 
spectrum  of  metallurgical  science  and  technology  ns  related  t-,  the  Armed  Services,  and 
to  inciudc  certain  other  areas  such  as  collection  ami  oisscniinution  of  information,  ami 
cooperation  with  professional  soeieties  in  publication  of  significant  metallurgical  data. 

Since  the  mganizaton  date,  the  above  aco|a-  has  Ix-en  expanded  to  inelude  organic 
and  inorganic  nonmetnllic  materials,  and  the  name  has  been  changed  to  the  Materials 
Advisory  Hoard.  Coticiit rently,  the  Hoard’s  membership,  staff,  and  operations  have 
lnx-n  adiusted  to  encompass  the  greater  diversity  of  materials  and  to  eomvntrate  on 
materials  r< search  and  development,  excluding  other  activities  except  to  the  extent  that 
they  support  and  strengthen  tin-  Hoard’s  fulfillment  of  its  primary  responsibility. 

The  Office  of  the  Director  of  Defense  Research  and  Kngim-ciing,  Office  of  the 
Secretary  of  Defense,  is  the  government  agency  which  now  r<xpic»|*  s|x-c-*lo  consulting 
and  advisory  services  under  this  broadened  program.  l'nd<-r  a  contract  between  ihe 
Office  of  the  Scerctuiy  in'  Defense  and  the  National  Academy  of  I’ricnces,  the  Hoard’s 
assignment  is: 

**.  .  .  ut  the  written  request  of  the  Director  of  Defense  Research  and  Ktigimx-i  ing, 
or  his  designab  d  representative,  to  conduct  studies,  mii  \*ys,  make  ctiticn!  analyses, 
and  pupate  mid  furnish  to  the  Dircctoi  of  Defense  Research  and  Engine*  ring 
advisory  and  technical  leports.  with  resfiect  to  the  entire  field  of  hint-rials  research, 
including  the  planning  phases  thereof;  and  shall,  in  addition,  pel  form  such  other 
services  as  may  In-  agreed  upon  in  writing,  from  time  to  time,  by  the  Director  of 
Defense  Res*  arch  ami  Engineering  and  the  1’resiib-nt  of  the  t'<  ntinvtci. 

"Task  assignments  under  this  eotilraet  will  Is-  ns  mutual!)  ngmd  by  the 
Director  of  Defense  Research  uml  Kngims-i  mg  or  bis  d<  signaled  icpirsctilativc  and 
the  •  'out i nr dm.  Recommendations  for  tasks  may  In-  pinp„s>d  to  the  Dircctoi  of 
Defense  l.’i  -iau  li  ami  Kngim-ei -ng  by  agencies  ,,f  the  Militaiy  Ib  paitm  nt«,  tk> 
tiffin-  of  tin-  S*  .  I*  tmy  of  lb-fen; e,  oi  (hi  t 'mil i actor.’’ 
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Otar  Sir: 

1  aa  forwarding  herewith  Ik*  report  entitled 
“Report  of  Berylllua  Coasalttee,"  which  has  been  sub- 
aitted  through  the  national  Acadeay  of  Sclencea-Natlonal 
Reaearch  Council  to  the  Director  of  Defense  Research  and 
Engineering.  Ml  report  has  been  reviewed  by  the  Beryl- 
1  lua  Coeseittee  and  by  individual  aeabers  of  the  Materials 
Advisory  Board  who  have  coa^etence  in  the  field. 

In  accordance  with  an  agreement  with  the  Office 
of  the  Director  of  Defense  Research  and  Engineering,  this 
report  is  being  distributed  on  the  saae  date  u  la  being 
transmitted  to  the  Department  if  Defense.  Therefore,  as 
of  this  date,  it  haa  not  been  reviewed  by  the  Office  of 
the  Director  of  Defense  Research  and  Engineering. 

Very  truly  yours. 


C.  S.  Marvel,  Chairman 
Materials  Advisory  hoaid 
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No  portion  of  this  report  nay  be  published 
without  prior  spproval  of  the  contracting 
agency . 


This  report  prepared  and  submitted  to  the 
Office  of  the  Director  of  Defense  Research 
and  Engineering  under  ARPA  Contract  SD>11S 
between  the  Department  of  Defense  and  the 
National  Academy  of  Sciences. 
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Barylliua  bat  a  potaatlal  for  vary  large  pay-off  la  tha  parfonanca  of 
aaroapaca  vahlclas.  This  poaalblllty  was  dlacustad  la  a  auabar  of  articles  lur- 
lag  tha  lata  1930'a,  and  vaa  tha  subject  of  aa  NIB  raport  (MAS-129-M,  Juno  25. 
1958).  Naverthalaaa ,  the  utilisation  of  barylllua  baa  continued  to  reaaln  at  a 
nodes t  laval.  Tha  queetio..  b-lng  asked  la  vhathar  tha  Department  of  Oefoaaa 
caa  taka  action  to  accalarata  tha  applications  of  barylllua  and  thua  raap  aoaa 
of  tha  proaleed  banaflta.  A  aacond  consideration  la  that  tha  typaa  of  beryllium 
ora  praaaatly  utlllaad  occur  la  local  deposits  of  United  also,  and  aaarly  all 
auch  ora  la  laportad.  for  thla  raaaoa,  unusual  lncraaaaa  la  danaad  ahould  ba 
anticipated  la  tlaa  to  parole  supply  to  >'p  paca.  Especially  significant  la 
this  regard  ara  experiments  now  being  iatanatvaly  purauad  look Inf  to  tha  utilisa¬ 
tion  of  baryllltni  povdar  aa  aa  addltlva  to  solid  rockat  propallanta. 

MCOCWIIO  ggflGILTlM 

Coat.  Tha  hlph  coat  of  harylllun  baa  Had  tad  and  will  continue  to  llnlt 
appUcatlona.  Tha  coat  '  tha  ntll  product  .  high  lelatlve  to  aort  c  canon 
aatala.  and  tha  coat  of  a  erylllun  part  tanda  to  bo  hlph  also  bacauaa  of  tha 
Intractability  of  tha  aatal  coaparad  to  room  tonparatura  ductile  alloys,  auch 
as  aluoinum,  and  tha  aaad  to  provide  epee tallied  hygienic  precautions  hacauae 
of  tha  prohlan  of  toalclty. 

With  iheet  sailing  la  -ha  $200-1350  r«uge.  It  Is  ohvlcue  that  tha  po»»l- 
bllity  of  uaa  of  herylllua  in  conventional  aircraft  te  no  better  than  aarglasl. 
Use  of  s«.ch  an  expensive  aaraital.  however ,  can  be  fully  juetlflad  «»  satellites 
and  upper  etaget  of  nltallce.  Theie  te  m  clast-cut  tniver  aa  to  the  dlroctlo* 
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Chat  price*  would  Cake  upon  an  increase  in  production.  Operating  economic*  could 
be  offset  to  a  degree  by  the  possibly  increased  cost  of  ore,  which  would  result 
from  utilising  lower  grade  deposits.  In  any  case,  it  is  not  expected  that  the 
cost  of  beryllium  or  beryllium  mill  products  will  change  very  substantially,  and 
certainly  will  never  approach  the  price  of  metals  like  aluminum  and  steel.  The 
cost  barrier  exists  also  for  baryllium  powder  as  an  additive  to  propellants. 
Theoretical  and  experimental  studies  have  shown  that  the  specific  impulse  of 
propellants  could  be  improved  appreciably  by  substituting  beryllium  for  aluminum 
powder  now  commonly  added.  This  substitution  (at  a  beryllium  cost  of  about  $80 
a  pound)  would  result  in  a  propellant  cost  of  about  $12.00  compared  with  the 
present  50  cents.  In  this  arbitrary  example,  15X  of  Be  is  assumed  compared  to 
2 OX  Al,  nevertheless  resulting  in  a  propellant  with  a  higher  specific  Impulse. 

Availability.  Tic  delicate  balance  between  supply  and  demand  of  beryllium 
ore  was  studied  in  aoom  detail  in  the  NAB  report  previously  mentioned.  Since 
that  time,  non-beryl  deposits  are  being  exploited.  While  production  from  this 
source  is  low,  such  United  States  deposits  will  tend  to  stabilise  the  price  of 
Imported  beryl.  The  ease  with  which  supplies  have  been  made  available  to  meet 
the  demands  of  the  past  few  years  indicates  that  for  production  of  the  present 
order  of  magnitude ,  supply  will  pose  no  particular  problem.  Furthermore,  there 
are  no  specific  ndlcations  that  there  will  be  unusually  large  requirements  for 
beryllium  for  structural  or  nuclear  uses.  In  addition,  the  two  producers  are 
now  operating  at  a  rat*  of  25-352  of  capacity.  The  only  concern  as  to  supply  is 
due  to  propellant  applications .  Hundreds  of  pounds  of  beryllium  can  be  used  in 
a  single  motor,  nod  if  such  use  became  prevalent  within  a  brief  time  span,  a 
shortage  of  supply  might  ensue.  Information  supplied  by  Def tns^^j^^ 
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Center  end  Solid  Propellent  Information  Agency  hed  Indicated  that,  while  consider- 
able  attention  is  being  given  to  this  possibility,  there  is  no  military  ays tea 
committed  to  the  use  of  beryllium  as  fuel.  (Although  it  is  being  used  in  the 
fourth  stage  NASA  Blue  Scout,  end  in  experir  -tal  Air  Force  firings.)  The  fuel 
application  picture  is  a  very  fluid  one,  end  e  rapid  awing  to  such  utilisation 
is  conceivable.  Nevertheless,  widespread  use  had  not  auterlallted  at  the  tiae 
of  this  writing  (aid-1962).  Explorations  on  the  use  of  beryllium  in  fuels  are 
largely  at  the  research  phase,  with  development  only  starting.  Therefore,  the 
necessary  time  (of  the  order  o l  two  years)  presumably  will  be  available  to  take 
action  on  increasing  supply  if  such  action  is  Indicated.  A  further  corollary  is 
indicated.  This  is,  that  designers  should  not  hesitate  to  use  beryllium  because 
of  the  belief  that  the  metal  is  in  very  Halted  supply,  when  in  fact,  present 
supply  far  exceeds  demand. 

Going  beyond  the  availability  of  the  .  e,  a  major  problme  exists  with  regard 
to  availability  in  the  desired  finished  fotae.  Principal  airframe  intarast  is  in 
ahaet.  While  this  is  fov  sals  commercially,  essentially  on  e  special  order  basis, 
production  has  been  coo  smell  to  permit  the  use  of  optimum  equipment  and  to  de¬ 
velop  well-trained  craws.  Therefore  there  tends  to  be  some  variability  in  quality. 
To  be  considered  for  use  in  aircraft,  a  comprenenslve  list  of  physical  end  me¬ 
chanical  properties  must  bt  available,  and  these  must  define  the  properties  which 
will  be  present  In  the  mill  product  to  be  delivered  later. 

Concerning  powder  for  fuel  use,  on  entirely  new  production  process  may  be 
needed.  Present  experiments  sre  run  on  a  fine-particle  portion  of  a  pure  lot  of 
powder  prepared  In  the  usual  manner.  Such  a  procedure  is  unnconostic  when  larfa 
quantities  are  involved.  The  producers,  are  now  exploring  on  the  laboratory  l«vel 

CONHDENTIA. 
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w  production  procedures  (to  yisld  a  pure,  spherical,  fine-particle  product),  or 
alterations  in  conventional  production  to  enhance  th«  yiald  of  fin*  grain  fractlona. 
No  such  nethods  ars  now  being  used  cotmarcially,  so  far  as  ia  known. 

Sksctillty.  The  brittlanaaa  of  beryllitm  has  long  been  a  serious  datarant  to 
the  structural  use  of  the  natal.  This  problem  ia  now  commonly  recognised,  ard  i* 
also  ouch  better  understood.  Many  uses  for  berylllun  of  anisotropic  ductility 
are  possible  if  berylllm's  peculiarities  are  recognised  during  design. 

During  the  past  year,  high  ductility  on  the  basal  planet  of  highly  refined 
single  crystals  was  demonstrated.  Through  purification,  che  glide  on  prism  planes 
also  improved,  but  to  a  smaller  degree.  However,  translation  of  such  i^revumsot* 
to  polyct  ia*.  ne  metal  will  probably  be  difficult. 

The  amount  end  kind  of  ductility  required  in  a  structure  ia  not  well  under* 
stood.  Because  of  expense  and  press  of  schedules,  there  has  not  been  extensive 
experimental  end  prototype  work. 

|oxicit£*  The  toxicity  of  beryllium  is  now  well  recognised,  and  means  for 
coping  with  it  are  well  understood.  Installation  of  sophisticated  ventilation 
facilities  end  other  control  measures  are  required,  vhich.  in  effect,  adds  to  the 
cost  of  the  final  product.  The  problem  hea  the  reault  of  tending  to  eliminate 
employment  of  beryllium  in  facilities  which  would  hsve  only  s  small  ure  for  tM 
metal,  which  would  not  justify  installation  of  expensive  cor.tr-'l  measures. 

The  toxic  products  of  combustlor  tend  to  limit  rhe  use  of  beryllium  In  fuel 
to  upper  stages  in  missile  systems,  and  sven  than  *cmm  hasatd  is  present  'due  to 
ground  testing  of  these  upper  stage*,  for  example). 
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A  Mating  of  the  Comlttee  on  Berylllua  (3«e  Appendix  1)  vu  held  In  April 
1962.  A  comprehensive  eurvey  of  the  research  end  developMnt  involving  the  Mtel 
vat  presented  by  representatives  from  the  Dc  nse  Metals  Information  Center  and 
the  Solid  Propellant  Information  Agency.  Additional  contents  were  made  by  liaison 
meobera  from  t**s  Services,  National  Aeronautics  and  Space  Administration,  and  the 
Atomic  Energy  Commission.  The  presentations  by  the  Defense  Metals  InforMtlon 
Center,  the  Solid  Propellant  Information  Agency,  and  National  Aeronautics  and 
Space  Administration  are  appended  tc  this  report  (Appendices  II,  III,  and  IV). 

The  relatively  low  level  of  effort  of  research  at  the  Atomic  Energy  Com¬ 
mission  has  declined  even  farther.  A  rather  substantial  amount  of  work  on  BeO, 
however,  is  being  carried  on. 

Comawnt  wne  cade  by  the  Army  representative  that  a  research  plan  has  been 
prepared,  and  that  operation  of  a  new  faculty  for  nuclear  and  other  hatardous 
metals  is  expected  to  be  operational  by  the  end  of  summer.  Contracted  research 
will  follow  later. 

The  principal  interest  of  the  National  Aeronautics  and  3pace  Administration 
waa  outlined  by  Mr.  J.  II.  Dledrlch  of  the  L<wla  Laboratory  In  a  prepared  talk 
(Appendix  IV).  This  interest  derives  from  the  fsvorsble  properties  of  beryllium 
ea  e  "meteor  bumper"  over  radiator  and  similar  tubing  of  space  power  systems. 

Such  an  application  could  employ  thousands  of  pounds  of  berylllua  per  10-kllowett 
system. 

.Jlscusslon  quickly  established  that  the  probleas  cf  ore  supply  end  structural 
utilisation  were  rclaMvoly  uncluinged  competed  to  e  few  yests  ego,  and  ressoemhly 
well  understood.  Major  attention  wet  given  to  the  application  of  beryllium  powder 
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in  propellants.  The  technical  feasibility  of  such  use  has  already  bean  demon¬ 
strated.  In  addition  to  the  major  consideration  of  toxicity,  the  extent  of 
application  in  the  near  future  will  depend  largely  on  the  development  of  methods 
of  making  flne-partlcle  powder  at  a  cost  which  is  not  prohibitive.  The  question 
of  powder  production  capacity  is  one  which  bears  watching,  as  it  might  constitute, 
for  a  time,  the  limiting  factor. 

Some  discussion  pointed  up  the  need  for  improving  the  quality  of  comaerclal 
beryllium  -heat,  and  the  demonstration  of  design  and  fabrication  problems  by  the 
construction  of  structural  elements. 

OOSOOSICNS 

1.  The  supply  oi  oerylliues  ou  is  adequate  for  foreseeable  requirements. 
s«*h  the  two  major  producers  operating  at  less  than  one-third  capacity,  a  short¬ 
age  of  metal  is  unlikely.  Potential  users  should  not  hesitate  to  Incorporate 
beryllium  because  of  e  quest io  of  aveilablllty.  A  trend  to  use  beryllium  ea  e 
propel inn t  additive  has  b  jun,  but  such  uses  are  not  expected  to  upset  the  market 
for  at  least  the  next  few  yaats. 

2.  The  use  cf  beryllium  in  propellents  cen  be  expected  to  Increase,  despite 
the  cost  and  health  haraids  Involved.  There  Is  no  single  system  making  such  use 
extensively,  end  there  ere  no  known  plans  to  Incorporate  beryllium  In  e  aejor 
missile  system.  To  the  decree  that  this  can  ba  forecast,  It  appaars  that  «  acre 
will  be  time  to  expend  ore  supply  in  order  for  production  to  keep  pace  vita  added 
usage,  If  that  proves  to  be  celled  for.  If  substantial  quantities  of  powder  for 
fuel  ere  celled  for  suddenly  in  the  near  Tutura,  the  pvwder  preparation  step 
would  probably  constitute  tho  hotcleneck. 
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3.  In  most  cuu  cost,  rather  than  ductility  or  toxicity,  ia  the  swjor  factor 
limiting  more  widespread  use  of  beryllium. 

4.  The  Atomic  Energy  Commission  has  a  continuing  interest  in  the  inediate 
applications  of  beryllium  to  nuclear  rear  i,  but  foresees  no  important  immediate 
use.  However,  a  continuing  effort  in  basic  beryllium  studies,  such  as  purification 
and  Irradiation  effects,  is  envisioned.  Atomic  Energy  Commission  metal  require* 
wants  over  the  next  several  years  can  be  sset  f.om  existing  plant  capacity  and  on  a 
straight  commercial  basis;  no  metal  production  contracts  are  anticipated.  Al* 
though  the  Atomic  Energy  Coasiasion  has  hiato.  cally  provided  extensive  support  to 
the  beryllium  Industry,  this  support  has  lessened  to  a  point  where  the  beryllium 
industry  has  now  come  to  rely  on  the  military  services. 

KECOmENDATIONS 

1.  The  presently  used  specifications  for  powder  for  fuel  additives  are 
questioned  as  being  possibly  unnecessarily  stringent.  Fine  particles  burn  more 
readily,  but  as  the  particle  sise  decreases  the  oxide  content  rises.  Production 
of  very  fine  rise  powder  low  in  oxygen  can  be  quite  expensive.  In  addition, 
beryllium  is  a  ’■errtive  element  end  may  interact  with  the  propellant  unless 
protect^,  rr.  > • rh  the  naturally  occurlng  surface  oxide.  Hore  performance  data 
should  he  rhtcin*.'j.  and  compared  with  price  quotations  on  powders  of  various 
particle  •v'ros  nr.d  oy'de  *>.*'•  inn  to  arrive  at  optimum  values. 

2.  Meet  ovnortwents  with  beryllium  eddlti  .ns  to  rocket  fuel  employ  unalloyed 
metal  powder.  Other  development  programs  beyond  one  known  st  the  Naval  Ordnance 
Test  Station  at  China  Lake  should  be  instltut  to  investigate  alloy  powders  of 
beryiliu-n  id  other  reactive  metals,  such  as  aluminum,  tlrconlum,  and  magnesium. 

It  may  bo  possible  to  find  s  composition,  which,  compared  with  purs  berylil_, 
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vill  have  Improved  bulk  density,  particle  alee,  and  oxide  content.  The  uae  of 
beryllium  additives  In  forma  other  than  powder  (foil  or  wire,  as  examples) 
should  also  be  investigated  as  a  means  of  incorporating  tbe  desired  reactivity 
and  also  adding  to  the  strength  of  the  solid  propellant  aggregate. 

3.  In  view  of  the  possible  Impact  of  fuel  use  of  beryllium  on  demand  for 
the  ore,  close  liaison  between  the  Services  and  the  Bureau  of  Mines  is  recom¬ 
mended. 

4.  One  reason  for  the  lag  in  use  of  structural  beryllium  la  the  long  lead- 
time  required  to  obtain  many  mill  products.  Additionally,  the  available  mill 
products  tend  not  to  be  of  high  aircraft  standards  of  uniformity.  This  committee, 
over  the  years,  has  consistently  refused  to  endorse  a  sheet  rolling  program  If 
such  a  program  consisted  largely  of  the  mere  production  of  fixed  quantity  of 
sheet  of  certain  sixes.  The  time  is  drawing  near,  however,  when  enough  will  be 
known  about  the  metal  that  consideratioc  can  be  given  to  sheet  rolling  develop¬ 
ment  in  which  the  Important  variables,  such  as  billet  quality,  amount  of  hot  and 
cold  work,  finishing  procedures,  etc  ,  cen  be  optimised.  It  Is  clearly  important 
that  when  this  point  ie  reached,  effort  should  also  be  expended  to  determine  the 
physical  and  mechanical  properties  of  metal  so  produced,  to  facilitate  the 
incorporation  of  beryllium  by  designers. 

3.  Beryllium  is  not  yet  developed  sufficiently  to  permit  extensive  air¬ 
frame  application,  but  the  conetructlon  end  testinp  of  smell  components  at  this 
elms  would  reduce  the  totsl  development  time  for  beryllium  aerospace  structures 
by  indicating  mure  specifically  those  characteristics  of  the  material  which  need 
improvement,  end  those  which  do  not.  work  would  also  encourage  the  develop¬ 

ment  of  designs  which  accoeseodate  the  lack  of  ductility  of  tbe  materiel,  e 
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SUMMARY  OP  OOVERW637NSPONSOHSD  RESEARCH  AMD 
DBVKL0PM9T  PROGRAMS  ON  BERYLLIUM 
August  15,  1962 

SUMMARY 

Beryllium  as  a  structural  netal  bus  received  considerable  attention 
by  the  Department  of  Defense  during  the  past  four  years  because  of  its 
potential  usefulness  In  military  systems.  The  principal  (non-nuclear) 
properties  of  beryllium  thet  account  for  Interest  by  the  Department  of 
Defense  are  high  stiffness  (high  modulus  of  elasticity),  high  heat  capacity, 
and  high  chemical  energy,  all  outstandingly  high  relative  to  its  low  density. 

The  principal  factors  that  appear  to  oeter  the  use  of  beryllium 
an  high  coat  and  fear  of  toxicity.  Additional  deterrents  to  the  use  of 
beryllium  as  a  structural  material  are  lack  of  ductility  and  lack  of 
availability  of  desired  forma  (long  lead  time). 

Secauce  of  the  high  fceet  oapeci'y  per  'cil*.  welch*.,  beryl!  1*bs  h-e 
been  uaefUl  as  a  heat  sink  In  eeroepace  systems-  However,  in  re-entry  bodies, 
beryllium  has  sow  been  largely  replaced  by  ablative  plaatlca. 

Beryllium  continues  to  be  of  Interest  as  a  structural  amterial. 

While  significant  advances  have  been  made  in  the  past  two  years  in  producing 
beryllium  mill  products  with  optlaum  mechanical  properties,  the  relatively 
low  ductility  of  these  products  and  the  absence  of  ductility  in  welds  still  leave 
much  to  b#  desired  Designers  are,  of  course,  bell*  pressed  to  develop  new 
concepts  which  will  utilise  mUerial*  of  low  ductility.  However,  s  gap  still 
exists  between  the  available  and  desired  properties  la  berylllta,  which 
accounts  for  reluctance  to  use  the  ae'.al  in  numerous  pc 
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to  develop  berylliun  for  structural 

applications  were  directed  primarily  toward  fabrication  techniques  to  obtain 
high  at-'  *gth  and  retain  aa  much  ductility  aa  poaeible  in  coanercial  gradee 
of  naterlal.  Initially,  only  node rate  ef forte  were  nade  to  produce  high- 
purity  natal.  It  waa  not  only  difficult  to  asks  high-purity  natal,  but  tbe 
efforts  to  do  so  were  alao  plagued  by  lack  of  suitable  analytical  techniques 
to  determine  tbe  degree  of  purity  obtained. 

Prograna  on  fabrication  of  coanercial  grades  of  berylliun  have 
been  continued  and  methods  of  obtaining  the  optlaun  propertlee  of  tbia 
naterlal  have  been  fairly  well  established.  Recent  research  prograna, 
however,  now  emphasise  the  development  of  high- purity  forma  of  tbe  aaital, 
although  theee  prograna  have  not  yet  eatabllabed  whether  or  not  the  high- 
purity  metal  will  be  more  ductile  or  have  better  propertlee  than  commercial 
gradee  of  metal. 


Prograna  ou  welding  have  l^urovcd  the  consistency  of  obtaining  good 
Joints,  but  the  lack  of  conslatency  in  properties  of  Joints  still  leaves 
much  to  be  desired,  and  velds  are  still  brittle.  Host  progress  ca  Joining 
have  been  terminated  with  tie  exception  of  a  last  look  at  electron-bean 
welding. 


Because  of  its  high  chemical  energy,  berylliun  la  potentially 
useful  In  rocket  fuels.  This  potential  baa  been  recognlted  for  several 
years,  but  recently  a  sharp  Increase  in  interest  In  the  use  of  beryllium 
■etal  powder  in  solid  rocket  propellants  has  occurred.  Calculations  have 
been  nude  or  the  gains  In  specific  l^iulec  available  by  substitute 
beryllium  metal  powder  fur  aluminum  In  prreently  used  propellant  formula¬ 
tions.  Experimental  programs  are  now  under  way  to  verify  the  calculated 

'nhdfntia 


CONFIDENTIAL  -  is- 

advantages.  If  beryllium-containing  propellants  are  Introduced  Into  major 
military  systems!  a  special  grade  of  powder  in  very  large  quantities  will 
be  required. 

Beryllium  metal  powder,  however,  does  not  offer  as  much  potential 
increase  in  the  specific  Impulse  of  rocket  propellants  as  beryllium  hydride. 
Consequently,  numerous  programs  are  also  under  way  to  develop  the  hydride 
for  possible  use  in  more  advanced  propellants. 

The  application  of  beryllium  in  nuclear  reactors  is  still  of  major 
interest,  but  the  oxide  rather  than  the  metal  appears  to  have  the  greatest 
potential.  The  use  of  beryllium  metal  in  gas-cooled  reactors,  which  was 
viewed  with  optimism  a  few  years  ago,  has  been  deferred  because  of  the 
unpredictable  corrosion  resistance  of  beryllium  to  002  coolant  gases  and  the 
undesirable  combined  effect  of  high  creep  at  high  temperatures  and  low  ductility 
at  room  temperatures . 

In  contrast  with  the  outlook  four  years  ago,  beryllium  resources 
now  appear  to  be  sufficient  to  meet  potential  military  requirements.  The 
development  of  beryllium  resources,  potential  applications  for  beryllium, 
and  costs Vre  closely  interrelated,  however.  Beryllium  is  now  manufactured 
principally  from  imported  beryl  even  though  large  reserves  of  beryllium- 
bearing  ores  have  been  identified  on  the  North  American  Continent  in  recent 
years.  The  development  of  facilities  to  process  these  reserves,  however, 
awaits  an  assured  market.  The  development  of  a  larger  deMuad  for  beryllium 
(particularly  as  a  structural  material)  is  in  turn  deterred  by  high  coet.  It 
it  hoped  by  the  beryllium  industry  that  the  use  of  beryllium  in  rocket 
propellents  will  create  the  demand  to  break  the  present  cost-demand  dead¬ 
lock. 


CONFIDENTIAL 


CONFIDENTIAL 

Za  aost  of  the  potential  application*  tor  berylllua,  fear  of 
toxicity  continue*  to  be  an  overriding  objection  to  ita  nee.  Toxicity 
of  berylllua,  while  real,  bae  bad  acre  then  lta  share  of  publicity. 
Procedure!  for  the  safe  handling  of  berylllua  have  been  developed  and 
the  notarial  can  be  ueed  safely.  The  aost  trouble eone  factor  related  to 
the  toxoclty  of  berylllua  la  the  fact  that  there  are  several  maladies 
which  have  apptcai  similar  to  those  caused  by  exposure  to  berylllvai. 

In  vlctias  exposed  to  berylllua,  it  is  not  possible  to  prove  that  such 
sy^toas,  when  they  occur,  vre  not  caused  by  beryllium.  Government- 
sponsored  research  oa  berylllua  is  being  continued  not  only  to  study  the 
nature  of  berylllua  toxicity  out  also  to  determine  aafe  namlaua  levels 
of  exposure  to  various  berylllua  coatwunds. 

OBSmf'WM 

This  aaaiy  of  progress  an  berylllua  was  prepared  at  the  request 
of  the  Department  of  Defense,  for  uae  by  the  Casssittee  on  Berylllua  of  the 
Materials  Advisory  3w*t«l. 

Dm  work  suaaarlsmd  and  the  program*  listed  represent  prlaarily 
those  on  berylllua  metal  which  sure  supported  by  Governaanl  funds.  Included 
also,  hmmver,  la  soae  Lnforaatlon  an  work  supported  by  industrial  funds, 
eoas  lnforaatlon  about  work  oa  berylllwss  being  dooe  under  s /stasis  ps ejects, 
and  alco  seas  information  on  *^pllc*tl°a*  of  nanaetallic  forma  of  beryllium. 
DN!C  i»  not  in  a  position,  however,  to  obtain  a  cce^rehsnsl w  collection  of 
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RESOURCE? 

Ibe  situation  with  respect  to  beryllium  ore  resources  has 
changed  quite  substantially  since  the  1958  report  of  the  MAE  Panel  on 
Beryllium.  In  1958,  self-sufficiency  in  beryllium  in  the  United  States 
was  in  doubt.  Since  that  tine,  large  deposits  of  bertrandite-bearing 
tuffs  have  been  discovered  and  explored  in  the  Topat  Mountain  District  near 
Delta,  Utah;  beryllium  mineralisation  has  been  explored  in  the  Mount 
Wheeler,  Nevada,  fluorite- t  ,'oten  deposits;  and  drilling  has  indicated 
large  reserves  of  beryllium  in  the  unusual  mineral  barylite  in  the 
Seal  Lake,  Labrador  deposit.  Other  significant  domestic  and  foreign 
discoveries  and  developments  have  also  occurred. 

Total  tonnage  of  ore  (detailed  below)  in  the  three  new  discoveries 
named  above  amounts  to  around  8  million  tons  with  a  grade  of  0.5^  of  BeO  or 
better.  This  amounts  to  about  80  million  pounds  of  BeO  or  almost  20  million 
pounds  of  contained  Be.  The  Topat  Mountain  deposit  accounts  for  about  half 
of  this. 

This  compares  with  estimates  of  U.  S.  reserves  of  8,800  tons  of 
beryl  (2,460,000  pounds  of  BeO  or  880,000  pounds  of  Be)  In  pegmatitlc  ores 
containing  ljt  beryl  (0.l4£  BeO)  or  better.  Thus,  the  reserve  picture  for 
the  U.  3.  alone  has  been  boosted  by  a  factor  of  about  18.  It  might  be  noted, 
too,  that  these  new  ore  reserves  have  a  much  higher  grade  cut-off  point  (0. 

BeO,  conquered  with  0.l4jt  BeO),  although  It  is  not  known  how  strictly  comparable 
these  two  figures  are. 

Not  included  in  any  of  the  above  figures  are  the  additional  sub- 
•tattlal  reserves  of  beryl-polluclte  pegmatite  at  Beraic  Lake,  Manitoba, 

CONFIDENTIAL 


CONFIDENTIAL  - 18 . 

Canada;  or  the  huge  reserves  0/  disseminated  beryl  in  the  tin-epodunene 
belt  of  Kings  fountain,  North  Carolina.  However,  the  Be  content  of  the 
latter  is  so  low  (0.4  lb  per  ton  of  rock,  or  0.02)1}  as  to  sake  its 
e concede  recovery  dependent  on  production  of  lithlua  and  possibly  other 
co-products.  Even  so,  the  Be  output  would  aaount  to  only  about  3  per 
cent  of  the  lithlua  output.  Urns,  even  though  work  continues  on  possible 
aetbods  of  beryl  recovery  froa  Kings  fountain,  the  chance  of  this  contributing 
any  major  aaount  to  future  beryllium  supplies  is  very  si la. 

Hijor  recent  interest  has  been  focused  on  the  Tope*  fountain 
deposits,  and  heavy  expenditures  have  been  wile  in  drilling  these  and 
in  developing  Methods  for  extracti^  the  contained  berylliua.  Economics  of 
concentrating  techniques  have  not  yet  been  proved.  But  reliable  reports 
froa  coapanies  that  have  been  active  in  this  work  Indicate  that  products 
such  as  berylliua  oxide,  hydroxide,  or  powdered  aetal  can  definitely  be 
produced  at  costs  comparable  with  those  prevailing  now  for  these  products 
as  obtained  froa  imported  oeryl.  Mid  1962  prices  for  these  vsrlous  products 
are  as  follows: 

Equivalent 
Per  Pound  of 


Hand-cubbod  beryl  (10-12*  BeO) 

Prr  fvmo 

*.20 

ftaaiasA  be. 

*4.60 

beO  iVjvder 

m.th  parity  <400  ;■>;»*  metallic  Impurities) 
Alloy  grade  (90.>*>*  1*0) 

$l>-26 

*  6-10 

*22.50-26 

Bs (Oil),  (id*  of  *20.  oxide  price) 

ill. 60 

*>5.50 

Be  Powdered  Metal 

*54-6b 

*>4-66 

CONfiOt  Nil  A 
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Furthermore,  knowledgeable  parties  active  in  work  on  beryllium 
extraction  from  the  Topaz  Mountain  ores  estimate  that  with  expanded  opera¬ 
tions — say  upwards  of  one  million  pounds  of  Be  annually — price  of  oxide 
equivalent  to  alloy  grade  could  be  lowered  to  less  than  $5  per  pound,  and 
that  for  metal  powder  to  around  $30  per  pound. 

%ese  reports  and  opinions  of  responsible  parties  active  In  re¬ 
searching  the  Topaz  Mountain  deposits  appear  reliable  and  reasonable. 

The  U.  S.  Bureau  of  Mines  is  continuing  to  support  a  search  for 
beryllium-containing  ores  in  the  United  States.^  1 ^  ^  Emphasis 

has  been  placed  on  new  and  non-pegmatltic  sources. 

The  following  is  a  breakdown  of  the  beryllium  reserves  based  on 
type  of  deposit: 

Beryl  pe/anatiteo 

New  England,  S.D.,  Colo.,  Idaho,  Nev.,  N.  M. 

8860  tons  of  beryl 

440  tons  of  Be  (over  1 %  beryl,  0.14£  BeO) 

Disseminated  beryl  In  Pejgnatitea 

N.C.  tln-opodumene  belt  only 

823,000  tons  of  beryl 

41,000  tons  of  Be  (0.4)t  beryl,  .056£  BeO) 

Beryl  pegmatite _ 

Boa  Vista,  Brazil 
350,000  tonD  of  beryl 
av.  3$  beryl 

Beryl-nollucite  Pegmatite  (0,8,  source) 

Bernic  Lake,  Manitoba,  Canada 

600,000  tons  of  ore  (now  one  million  tons) 

av.  0.21)1  BeO 
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Lake  George  urea,  Colorado 
Large  re  server.,  not  established 
Assay  data  Variable 


IW.  b  »ri®  H 


TOpaz  Mountain  area,  Utah 
4,500,0(0  tons  of  ore  (probably) 
av.  0.5'-  BeO 


TTaa»pau»««PKvTft*a'tiJf  meals-. 


Mt.  Wheeler  urea,  Nev. 
Approxlibitely  50,  GOo  tons  of  ore 
av.  0.5^  BcO  or  better 


Aguuchlle,  Mexico 

Large  reserves  not  yet  estimated 

av.  0.27*  BeO 


Iron  Mt.  ureu,  N.  M. 

Data  not  lasediatcly  available 


Clark  County,  Nov. 

Nov  discovery 

est.  7000  tons  of  BeO 


Seal  Lake,  Laborador 
3,000,000  tons  of  ore  (probably) 
•v.  0.5^  BeO 


Uoir.  Is  being  continued  by  the  Bureau  of  Hines  00  tbs  extraction 
of  beryllium  froa  ‘ov- grade  source  materials.^' Work  to  improve  the 
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procedures  for  recovering  beryl  from  the  tallinge  of  processed  spodumene 

at  Kings  Mountain,  North  Carolina,  Is  continuing.  Hydrometallurgical 

methods  to  produce  pure  beryllium  suits  from  various  beryllium  ores  and 

(L) 

concentrates  are  being  developed. 

New  benefidation  processes  have  been,  or  are  being,  designed 
for  fine-grained  ore  as  follows: 

Flotation: 

(l)  Van  Dornlck  process 

!a)  Topaz  Mountain  bertrandite 
b)  Brazilian  beryl 

(2)  USBM  process,  N.  C.  fine  beryl 

(3) USBM  process,  Nev.  phcnacite,  bertrandite 

Chemical  processes  bused  on  solubility  of  beryllium  minerals 
In  sulfuric  acid: 

(1)  Vitro  process,  Topuz  Mt.,  Utah,  bertrandite 

(2)  USBM  process,  Topaz  Mt.,  Utah,  bertrandite 

(3)  Brush  process.  Topaz  Mt.,  Utah,  bertrandite 

(4)  United  Technical  Industries  process.  Topaz  Mt.,  Utah, 
bertrandite. 

Also,  the  "Mii.con"  process,  including  thermic  flotation,  pelletic¬ 
ing,  sintering,  and  chemical  treatment — designed  for  the  Lake 
George,  Colorado,  bertrandite  and  beryl. 

Private  beryllium  activity: 

y«...a«  JsoAUaa  gyro.,  yitia  United  Tvchaicftl  InfluatrJLca 

ore;  Topuz  Mt.,  Utah 

treatment:  sulfuric  acid  leach 

product:  ^eO 

preoent  cupuclty:  unknovn 

propoood  capacity:  50-75  tons  BeO/mo. 

« 

U.  8.  Beryllium  Corn.,  with  Mineral  Concentrates  and  Chemical  Ca. 

ore:  Badger  Flatj,  Lake  George,  Colorado 
treatment:  flotu«J.  a  and  chemical  processlrg 
product:  concentrates  BeO  a  .  . f\ pik  iti  i  i 

preoent  cupucity:  ?  -  at  Loveland  V.UNrlUtN  I  IAL 
proposed  capacity:  100  tons  of  ore/day,  flotation 

concentrator,  Badger  Plate 
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Btrylllum  Resources.  Inc.  (Pruah  Bcrvlllun) 

(project  abandoned  -  T) 

ore:  Topaa  Mt.,  Utah 

treatment:  Van  Doralck  flotation 

product :  'jfr  concentrate* 

present  cajuclty:  unknown 

propooed  capacity:  250  tons  ors/day 

Pm  Anaconda  Cammv 

oro:  Kt.  Washington,  Nevada 
treatment:  ITJItM  flotation 
product:  1>20£  concentrates 
exploring  for  reserves 

Tbnas  Beryllium  Co..  (Anaconda  and  Tones  Sarvlllum  Joint  Ventures) 

ore:  Topu;  Mt. ,  Utah 
exploring  for  reserves 

Vitro  Kinerula  Corporation 

ore:  Topaz  Kt.,  Utah 
treatment:  chemical  processing 
product:  IteO 

proposed  capacity:  10  toa/day  pilot  plant 
BcillU'm  and  Chemicals  Corn.  (MJ-ovd  and  Lithium  Cni-al 

ore:  Klncs  -Mt.,  N.  C. 

treatment:  flotation,  chemical  procssali^,  and  Fechlaay 
product:  Sc,  BeO  concentrates 
proposed  capacity:  developsMt  pleat 

fofltt  Klntf-,‘1  fimaaax 

ore:  Klnt.e  Mt.,  N.  C. 
treatment:  UobM  flotation 
product:  h.»ryl  concentrates 
projiooed  cu|«aelty:  T 

r^rjUiu.,  _iip. 

ore:  To;>ar  Kt.,  Utah 
exploring  fv>r  reserve* 

v*i*  V  l  a  W  (aS  «,  .  (  u  .mil 

•Kpiorltvt  for  rv •enr«« 
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International  Minerals  and  Chemical  Coraaratlog 

ore:  Tope*  Kt. ,  Utah 
exploring  for  reserves 

B£iM=XftYig£  fill  figasaatlaa 

ore:  Clerk  Co.,  Nevada 
exploring  for  reserve* 

BenrlLiwa  AfisggJLaS&t.  Inc- 

ore:  Clark  Co.,  Nevada 
exploring  for  reserve* 

fltyvinrd  Rervntun  Corporation 

ore:  Br»zll 

treutmont:  Von  Oornlck  flotation 

product:  12}  concentrate*  (eatlaated) 

proposed  capacity:  2500  too*/ year,  concentrates 

Pair  Che.ilcal  Cowpanv 

ore:  Coahulla,  Mexico 
exploring  for  reserve* 


Reclaim 

The  development  of  Ulgb-purlty  berylllma  Is  considered  important 
for  two  reasons:  (l)  b 1^1- purity  site riel a  ore  Beaded  to  study  and  evaluate 
mechanisms  of  flex#  and  fracture  and  to  determine  mechanical  and  physical 
properties,  and  (2)  m»ny  workers  hope  that  the  use  of  hlgh-purlty  beryllium 
will  solve  many  of  the  problems  preventing  the  use  of  beryllium  a*  an 
engiucerli^  materiel . 

The  Air  i'jrcc  h«*  two  program*  in  this  area;  one  at  Nuclear  Materials 
and  Equl'mrot  C  \ rpjration  for  the  preparation  of  pure  beryllium  metal  by  the 
Iodide  decomposition  mcU«ud  (now  collated),  o^d  one  at  Nuclear  Metals  for 
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for  the  preparation  and  evaluation  of  pure  beryllium  mode  by  distillation 
( wi 

techniques.  ' 1  Nuclear  Metals  is  also  working  on  zone  refining  techniques 
for  the  AEC . ( ^ )  Franklin  Institute  is  preparing  and  evaluating  hign- purity 
beryllium  under  Navy  sponsorship. Zone  refining  of  vacuua**cast,  vacuus 
distilled  and  Fcchlncy  SR  boro  huo  been  studied.  This  work  is  being  con-* 
tinued  to  study  plastic  flow  and  deformation  of  high-purity  beryllium. 
Distillation  and  zone  refining  techniques  hnva  produced  high-purity  metal, 
but  iodide  decomposition  has  not  been  successful. 

The  Bureau  of  Mines  is  conducting  research  on  preparation  of  high- 
purity  beryllium  by  electrochemical  processes  in  molten  sales. ^*5) 

Meltin/r  and  Casting 

Two  programs  concerning  this  area  of.  research  have  been  identified. 
The  Beryllium  Corporation  hus  conducted  a  study  of  beryllium  casting  for 
the  Air  Force. ^2)  The  techniques  developed  relied  on  thermal  gradients 
within  the  mold  to  control  directional  solidification  and  eliminate  centerline 
nhrtnkage.  Grain  refining  additions  were  also  evaluated  and  the  products 
extruded  ab  1850  F. 

Electron-beam  melting  of  beryllium  along  with  a  number  of  re¬ 
fractory  materials  has  been  investigated  by  the  Mollory-Sharon  Metals 
Corporation. In  general,  the  quality  of  the  electron-beam  melted 
material  wus  good  but  no  improvement  in  tenolle  properties  was  noted. 

Primary  Work inn 


Thirteen  programs  huva  been  identified  as  related  to  the  prlmry 
working  of  beryllium.  Nuclear  Metals,  Inc.,  is  presently 
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program  concerning  the  production  and  evaluation  of  distilled  high-purity 
beryllium  for  the  Air  Force. This  effort  is  a  portion  of  a  renewal 
of  the  major  Air  Force  program  coordinated  by  Nuclear  Metals.  It  is 
particularly  noteworthy  that  Joining  studies  have  been  discontinued  in 
the  renewed  research  effort  and  the  remaining  subcontracts  are  devoted  to 
flow  oxid  fracture,  structures,  and  fine-grained  powder  materials.  It  is 
apparent  that  the  over-all  program  is  directed  toward  a  more  basic  under¬ 
standing  of  beryllium  metal  and  the  effects  of  impurities. 

The  Beryllium  Corporation  has  conducted  an  investigation  for 
the  Air  Force  on  the  development  of  techniques  for  producing  structural 
shapes. Oxide  content  of  the  final  product  was  of  major  interest, 
since  it  was  related  to  the  tensile  properties  of  beryllium. 

The  Brush  Beryllium  Corporation  Is  currently  studying  the  rolling  of 
improved  beryllium  sheet  in  an  Air  Force- sponsored  program.  (37) 
investigations  are  aimed  at  producing  isotropic  ductility  in  the  sheet 
materlul.  The  third  dimensional  ductility  of  conmerdal  cross-rolled 
beryllium  sheet  was  0.55^.  Average  biaxial  ductility  of  O.933I  was 
obtained  by^  annealing  at  2020  F  for  one  hour. 

Another  program  at  Brush  Beryllium  Corporation  is  devoted  to 
processing  and  fabrication  techniques  for  promising  interne tslli c  com¬ 
pounds.^1*®)  Beryllidea  with  good  high- temperature  properties  have  been 
screened  and  the  beryllideB  of  niobium  and  tantalum  were  found  particularly 
attractive . 


A  detailed  study  of  the  forging  of  beryllium  is  being  conducted 


by  the  LadioU  Company  for  the  Air  Force. 


This  program  has  involved 


basic  forging  studies,  jacketed  forgings,  and  more 

the  appropriate  support  members.  The  developments  from  this  program  have 


been  successful  in  fabricating  both  shallow  and  deep  cavity  lteme 
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A  levy- sponsored  program  at  the  Brush  Berylllua  Corporation  coo> 
cems  the  driving  of  fine  berylllua  virtS^  Initially,  <JNV  aatertal 
vai  evaluated  with  considerable  effort  in  die  lubricants  and  die  design. 

A  recent  extension  of  this  program  involves  the  drawing  of  toe**reflned 
berylllua  into  polycrystalllne  wire. 

Morair  has  conducted  a  study  of  extruding  beryllium  into  structural 
shapes  far  the  Air  force . ( 30 )  this  effort  is  directed  toward  the  develop* 

■rat  of  aethods  for  providing  berylllua  component*  for  spacecraft.  Of 
particular  interest  was  the  drawing  of  extrusions  to  thin  uni  fora  coaplex 
shapes. 

the  extrueian  of  berylllua  by  hydroetstic  preesure  was  investigated 

by  Wuclear  totals,  Inc.,  in  s  prograa  spooeored  by  the  Atteapte 

to  use  liquid  lead  ware  unsuccessful.  In  general,  no  advantage  la  extrueian 

pressure  wee  gained  in  this  concept. 

A  unique  fora  of  berylllua  tubing  which  contained  «lral  fine 

praqted  the  development  of  several  fabrication  nethode.  In  a  coo  tract 

with  ABC,  Central  Buclear  1 -Rinser leg  Corpora  Uua  required  this  fora  of 

(90) 

berylllua  for  their  gee-cooled  reactor  project.  '  A  subcontract  with  tylvanla 
Klee trie  Products,  Inc.,  concerned  fabriostlon  of  each  tubing  by  hot  1 so¬ 
fts  tic  pressing  or  powders  end  also  Dpoapah  astrualon.^1^  Both  approaches 
wars  found  to  yield  e  product  require  e  elnlaa  of  Machining.  fabrication 

of  euch  tubing  by  warn  extrusion  «•  studied  by  the  hruah  Beryll  lias  Corporation 

(qo) 

end  was  found  highly  successful.  ^ '  the  reactor  project  was  auaptaded  in 
aid  l?6lj  however,  the  warn  extrusion  progrea  was  ooatlnusd  under  ABC 
eponeorshlp. 
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As  internal  progran  at  tha  o.  I.  Naval  Ordoaaea  Laboratory  cooearna 
tha  propartlaa  o f  conpoaltaa  of  barylllua  vtra  and  a poxy  raalna.^®^  Thla 
program  will  yiald  baate  Information  oo  thia  aya  ton. 

Tba  Martta  Ooapaay  baa  eoadnatad  a  prograai  oa  tba  evaluation  of 
atraetural  barylliaa.^)  Tba  ralacioa  of  baad  toat  proportion  to  varloua 
■hoi  of  fabrication  uoa  aatabllahod. 

Aa  a  part  of  the  Goa-Cooled  Raaetor  Progran  at  Oak  Ui|«t  barylliuoi 
tubing  from  varloua  auppllara  and  aa-fabrlcatad  by  dlffaront  natboda  boa 
boaa  nvnluatnd.^*^  Propartlaa  of  auck  aatariala  to  700  c  fir*  bn  lag  coaparad. 

Sacandorv  Marking 

Plva  coatracta  involving  secondary  fabrication  of  beryl  1  lira  aatariala 
under  apoeaerahlp  ot  tba  Air  Porea  bava  bean  Identified.  A  prog rao  oa  tbaoratlcal 
fonaobillty  of  abaat  aatariala  at  Cbaoca  Vought  haa  coocaraad  barvlllua  in 
addition  to  rafractory  aatala  and  hlgh-t»up«rature  alloy*. Mint nun  band 
radii  for  varloua  thlcknataea  aa  a  function  of  grain  orlontatlon  and  natal 
thlcknaaa  lava  baan  aatcb’lahad. 

Th«  faaalblllty  ol  threading  beryl llua  ha*  bean  eilabllahad  by 
tha  Canaral  Electric  Coapany  In  a  racant  atudy.^  ^  thalr  affort  concerned 
lntamal  thraad  avaluationa  and  appropriate  lorgue  and  tanalla  teats. 

Aeronca  Manufacturing  Corporation  haa  tnvaei (gated  tha  praparatloo 
and  bracing  ol  curved  composite  honavcoab  airweeuraa  with  btrylllwn  l»tin|»,^^ 
lntamal  honayconba  considered  In  thalr  Traaarch  wri  Incoaal  and  A-280.  Mara 
racantly,  alrconta  coating*  (or  barylllua  *i»n  bean  corvaldeiad  in  ciapniiti 
evaluations.^^  Thla  work  la  directed  toward  davaleplng  ralnforcad  load* 


bearing  haat  abtaUs. 
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A  program  at  The  Bruch  Beryllium  Company  haa  concerned  the 
fabrication  of  abapea  fro*  berylllde  materials  by  mechanical  working  tech¬ 
niques.  :  Flaatlc  deformation  limit a  are  being  eatabliahed  by  a 
variety  of  fabrication  eetboda. 

ggrfdcr  MctsLlu tpx 

Powder  metallurgy  remains  at  present  the  major  method  of  producing 

beryllium  component a.  Thua,  even  though  there  are  few  project a  which  can  be 

considered  as  powder  metallurgy  projects,  the  use  of  powder  techniques  any 

be  assumed  for  %  large  number  of  projects  listed  in  this  report.  The  Naval 

(77) 

Bureau  of  Weapons  has  sponsored  work  at  Amour  Research  Foundation  on 
the  development  of  ductile  beryllium  composite;;.  The  technique  investigated 
consists  of  liquid  phase  sintering  in  such  a  winner  that  beryllium  powder 
is  enclosed  in  a  ductile  skeleton  of  aluminum-silver  alloys.  On  a  NASA 
purchase  order,  the  American  Machine  aud  Foundry  Corporation  has  fabricated 
beryllium  components  of  beryllium  powder  by  plasma  apraylr^  followed  by  lao~ 
ctatlc  pressing.  The  Air  7m\,«  is  sponsoring  development  work  on 
beryllium  powder  at  Vitro  Laboratories J 

Joining 

Kina  contract*  have  concerned  the  voiding  or  bra a log  of  beryllium 
components.  Work  done  on  hr* id  beryllium  sandwich  construction  by  General 
Dyaamlcc/fort  Worth  va_:  repurud  u.  u.e  Air  Pure*  jo  a  contract  to  coagille 
unpublished  arterial-  ....  rsutics. 


Tbe  Brush  beryllium  O.espany  has  \o.-tJucted  s  study  of  m*!on  veiling 
as  a  part  of  the  Beryllium  Muugement  Program  coordinated  A  L 
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tkj\ 

Inc. '  *  In  this  investigation,  particular  emphasis  was  placed  on  the  effect* 

of  post  heating  variables  and  impurities.  Vacuum  filler  wire  coatings  were 

utilised  and  their  effects  on  subsequent  weldments  established.  A  portion 

of  on  internal  program  at  Union  Carbide  Huclear  Company  has  Involved  the 

fusion  voiding  of  berylliua  also.^^ 

Resistance  voiding  of  berylliua  sheet  (0.040-inch  thick)  has  been 

(47) 

Investigated  by  Rensselaer  for  the  Air  Force.  Defect- free  weldments 

were  achieved  by  using  a  1500  lb  forging  force  and  a  long  post-heating  cycle. 

As  a  part  of  their  saae  program,  resistance  brazing  of  0.020-lnch  sheet  vas 

briefly  evaluated  using  silver  and  a  silver-copper  eutectic  alloy  braze. 

Forge  welding  has  been  investigated  by  The  Brush  Berylliua 

(47) 

Conpany  in  conjunction  with  the  Beryllium  Management  Program. '  ' '  In  their 

effort,  improvement  of  voided  properties  vas  sought  through  the  refinement 

of  grain  structure  within  the  velds.  Mechanical  working  by  planishing  and 

a  fora  of  ring  rolling  were  evaluated. 

Pressure  bonding  of  beryllium  cooponcnts  in  a  beryllium- uranium 

dioxide  composite  fuel  plat*  Is  being  investigated  at  Battelle.^*^  nils 

program,  being  conducted  for  the  A2C,  has  yielded  high  integrity  bonding 

of  beryllium  at  1550-1650  F  and  10,000  psl.  Optimum  surface  preparation 

methods  and  barrier  coatings  for  IX>2  in  this  system  were  established. 

Magnetic  force  welding  of  beryllium  has  been  demonstrated  by 

(qo) 

General  Electric,  Hanford,  in  an  AEC  contract.  Basic  techniques 
developed  for  8AP  alloys  were  used  to  briefly  examine  the  Joining  of 
beryllium  fuel  rod  end  caps.  She  method  vas  found  highly  successful. 
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C0NFiBBfflAt  Inc.,  has  conducted  *  study  of  ultrasonic  welding  of 
beryllium.  This  contract  idtich  vu  part  of  the  Beryllium  Itoagem it 
Program  oomcamad  the  effacta  of  clamping  fore*  and  power  am  tka  weld 
characterlat lea .  It  wua  concluded  that  crack- free  velds  of  high  integrity 
were  poeaiMt. 

A  program  has  been  initiated  by  the  Hamilton  Standard  Division, 


United  Aircraft  Corporation,  to  investigate  electron-bean  vwldii*  of 

(59) 

beryllium  for  the  Air  Force.  It  la  intended  that  high-voltage  e quip- 
amt  will  be  evaluated  in  Joining  O.ObO-Lnch  sheet  Material. 

Brush  Berylliun  has  coagulated  a  program  on  the  braxing  of  berylllua 
in  conjunction  with  the  Berylliun  Maagement  Pragma.  Tills  effort 


priaarily  concerned  the  development  of  a  silver  hreslog  technolo,^  ecu  a 
■ore  detailed  evaluation  or  the  effects  of  post-bmsing  beat  treatments. 

The  use  of  berylliun  in  braaing  alloys  for  joining  Zlrcaloy  2  baa 

la?) 

been  studied  by  General  Clectrlc,  Barnard.'  A  sirvx>.uun-baae  alloy 
containing  }  w/o  berylllua  has  been  estahiiabed  for  production  of  the  0fl 


In  gememl,  the  Joining  of  berylliun  augnoents  bee  been  approached 
through  evaluation  of  conventional  Joining  nethoda  as  applied  to  preeenU 
day  co  martial  beryllium.  It  is  lUel>  that  laprovemnt  in  ooamerclal 
beryllium  products  will  ig>r..v  Joining,  priaarily  throng  increased  purity. 
It  ie  interesting  to  note  that  currently  very  Uttie  work  Is  bell*  4 one  in 
Joining. 

?V::-wlcrr^fthT  «tw*  StlCjUWX. 


M>st  of  the  nctallo«:raphic  studies  bciiy,  male  in  active  programs 
are  la  <U;  *~t  support  of  projects  for  U*rovlA£  mechanical  (r^WUsl.  A 
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fundamental  study  of  dislocation  structure  at  Franklin  Institute*  sponsored  by 
the  Navy, (80)  has  been  directed  toward  a  study  of  impurity  precipitation  and 
uuservations  on  the  operative  glide  system.  Two  Air  Force  projects  are 
concerned  with  the  effect  of  grain  refinement.  Cue  of  these  projects  is 
being  conducted  at  Brush  to  study  grain  refinement  in  weldments,  and  the 
other  project  involves  an  evaluation  of  fine-grained,  high-purity  beryllium 
at  Nuclear  Metals. (^0,47)  Another  Air  Force-sponsored  project  on  welding 
(at  RPl)  involves  a  study  of  silver  and  silber-copper  eutectic  brazed  beryllium 
Joints. (47)  Lockheed  is  studying  surface  damage  (twins  and  cracks)  in  both 
hot^pressod  and  hot-ro..ed  material  in  another  Air  Force-Sponsored  project. (*?) 
Also,  studies  involving  electron-microscopy  examination  of  ^eO-beryllium 
interfaces  are  "ipported  at  Manufacturing  Technology  Laboratories  by  the  Air 
Force. (47)  Oak  Ridge  National  Laboratory  is  studying  the  effect  of  irradiation 
on  the  structure  of  beryllium  which  can  change  due  to  an  n  u  reaction 
which  forms  helium  in  the  metal. (^  Nuclear  Metals  has  used  metallographlc 
and  X-ray  techniques  to  study  aging  and  strain  aging  in  beryllium.!47- 


Transformation  and  Rcsu 1  ting  Structures 


Five  contracts  have  Leon  identifieo  which  concern  this  general  area 

of  beryllium  metallurgy.  A  program  at  Nuclear  Metals,  Inc.,  conducte'*  f?r 

the  A£C  was  devoted  to  a  study  of  the  stability  of  the  high-temperature  beta 
( 07 ) 

phase.'  '  Partial  phase  diagrams  wore  established  for  a  number  vf  binary 
systems  in  an  effort  to  identify  beta  stabilizers  anu  subsequently  yield 
ductile  bery  ilium -rich  alloys.  Llectro-c'^tical  Systems  studied  *h«  effects  of 

(to) 

rapid  quenching  on  waiiuu.  Lviyllioia  u».my  »y»twu». 
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Another  program  at  Nuclear  Metals,  Inc.,  concerned  the  study  of  gates 
in  berylliua  as  a  research  effort  for  the  Air  Force.  Ratos  of  absorption 
and  diffusion  were  established  for  oxyge  ,  hydrogen,  and  nitrogen.  This  basic 
study  was  directed  toward  determining  conditions  nocessary  to  break  down  the 
subject  gas  systems. 

Lockheed  has  completed  a  study  of  beryllium  surface  damage  as  a  part 
of  the  Berviliua  Management  Program.^*7)  Twins  and  surface  cracks  were  identified 
and  the  necessary  processing  to  insura  theii  removal  were  established. 

A  recent  summaty  of  radiation  effects  compiled  by  Battelle  Memorial 
Institute  for  the  Air  Force  discussed  the  behavior  of  beryllium.^)  Embrittling 
effects  resulting  from  the  >1  i  reaction  and  formation  of  helium  bubbles 
at  grain  boundaries  was  noted.  Heating  conditions  necessary  to  prance  this 
effect  were  defined. 


Physical  Properties 

Thirteen  research  contracts  have  been  identified  in  the  area  of 
physical  property  measurements  on  bervlllum.  A  compilation  of  aircraft  materials 
data  by  North  American  Aviation,  Inc.,  includes  previously  unpublished  data  on 
beryllium  alloys. 

The  diffusion  of  oxygen,  hydrogen,  and  nitrogen  in  beryllium  has 
been  investigated  by  Nuclear  Metals,  Inc.,  for  t>ie  Air  force. These 
mechanisms  were  determined  at  a  function  of  pressure  and  temperature. 

A  program  on  the  -heraal  and  electrical  conductivity  of  irradiated 
beryllium  and  ransition  ew.alt  was  established  et  Watertown  Arsenal. As 
yet,  no  work  has  been  completed  on  beryllium  due  to  the  impure  nature  of  the 
initial  ta-rplct. 
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The  thermal  expansion  of  high-tomperature  materials  including  beryllium 
is  being  investigated  by  the  University  of  California,  Livermore,  for  the  ABC. 

Southern  Research  Institute  has  conducted  a  program  to  measure  the 
thermophysical  properties  of  selected  materials  above  2000  F.'4^  These  proper¬ 
ties  include  thermal  expansion,  total  normal  emissivity,  and  viscosity  in  the 
molten  state.  In  the  work  to  date,  no  beryllium  materials  nave  been  evaluated 
although  it  is  intended  that  they  will  be  included. 

An  Army-sponsored  program  at  the  Arthur  0.  Little,  Inc.,  concerns 
the  high-temperature  vapor-phase  thermodynamics  on  light  metals,  including 
beryllium;  it  la  currently  active Of  particular  interest  are  the  metal- 
oxygen  -hydrogen  systems. 

The  University  of  Chicago  is  investigating  advanced  energy  transformation 
systems  in  an  Army-sponsored  program. This  effort  involves  quantum  mechanical 
calculations  on  several  beryllium  compounds  to  provide  a  basis  for  determination 
of  their  thermodynamic  properties. 

Optical  properties  of  beryllium  in  addition  to  other  light  metals  are 
being  investigated  by  the  Onneral  Atomic  Division  of  the  General  Dynamics 
Corporation. (3®)  The  properties  of  interest  in  this  effort  were  photon 
absorption  coefficients  and  mean  opacities.  Both  teitfe  rature  and  density  were 
varied  in  these  measurements. 


Beryllium  and  berylliim-copper  have  been  evaluated  in  a  supersonic 
air  Jet  in  a  study  at  Langley  Research  Center.  A  variety  of  conical  models 
at  4000  F  and  Mach  No.  2  wore  evaluated  to  establish  the  relative  worth  of  the 
two  materials  as  heat  sinks. 

The  effects  of  nuclear  rjJi.itions  on  beryllium  have  been  summarized 
with  respect  to  density  changes  in  a  cone.H  Jtion  by  Bat  cello  Memorial  Institute. 


Pcst-h«at  t.v.tmenl*  to  ')9b  C  after  fast  flux  exposures 


resulted  in  density  decreases  of  20  per  cent. 
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Several  Air  Force  contracts  are  devoted  to  evaluations  of  beryllium 
alloys,  primarily  beryllide  compounds.  Promising  compounds  have  been  characterized 
by  The  Brush  Beryllium  Company  with  particular  emphasis  — i  alloys  with  niobium 
and  tantalum.  In  another  contract  at  Brush,  impact  properties,  thermal 
shock,  and  oxidation  resistance  at  temperatures  in  excess  of  2500  F  have  been 
determined  for  beryllide  and  silicide  materials. 


Mechanical  Properties 


A  great  deal  of  the  research  being  conducted  at  present  involves  a 
determination  of  mechanical  properties  of  beryllium  and  the  eftect  of  processing 
variables,  purity,  etc.,  on  the  mechanical  properties.  It  would  he  expected 
that  considerable  research  would  be  required  since  changes  in  purity,  grain 
size,  and  grain  orientation  are  known  to  affect  the  mechanical  properties,  and 
undoubtedly  there  are  other  factors  as  well. 

Most  of  the  research  is  being  supported  by  the  Air  Force.  The  Air  Force 
approach  appears  to  be  primarily  one  of  determining  the  effect  of  processing 
variables  on  the  mechanical  properties  and  attempting  to  establish  procedures 
whereby  usable  beryllium  can  bo  produced  with  reproducible  mechanical  properties. 
Structural  design  and  theoretical  formability  data  are  alto  being  collected.  The 
Air  Force-sponsored  work  includes  one  program  at  Brush  to  develop  beryllium 

(37) 

sheet  with  high  mechanical  strength  and  an  itr  .rovement  in  the  Z-axis  ductility, 
a  program  at  Nuclear  Metals  to  determine  the  effect  of  rolling  variables  on 
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program^*)  to  compare  hot-pressed  beryllium  to  hot-pressed  and  extruded  beryllium. 
Tho  Air  Fore*  is  also  sponsoring  a  project  at  Lockheed44)  to  obtain  structural 
design  data  and  a  prooact  at  Chance  Vought  on  theoretical  for»ability.(45) 

Soom  information  on  beryllium  will  also  be  obtained  by  the  Air  Force  under  a 
contracy  to  North  American  Aviation  to  collect  unpublished  materials  data  fro* 
aircraft  companies.^)  The  Air  Force  has  also  supported  two  projects  at 
Brush  Beryllium  to  obtain  the  Mechanical  properties  of  the  more  promising 
beryl  lidos,  ^t4®) 

The  Navy  is  actively  sponsoring  work  at  Brush  Beryllium  to  improve 
mechanical  properties  by  developing  high-strength  beryllium  yrire.^79^  At 
the  Naval  Ordnance  Laboratory  composites  made  from  beryllium  wire  are  being 
studledi  and  they  also  sponsored  work  at  Armour  to  produce  ductile  beryllium 
composites  of  beryllium  in  a  ductile  metal  skeleton.^*77) 

Tho  ABC  it  Interested  end  is  sponsoring  work  on  the  creep  stress 
rupture,  end  fracture  of  beryllium  with  particular  reference  to  tubes  and  finned 
tubes.  They  are  alco  supporting  studios  on  the  effects  of  Irradiation 
the  strength  of  beryllium.  This  work  is  ell  being  done  at  Oak  Ridge. 

Corrosjor 


Corrosion  resistance  of  beryllium  is  important  in  particular  applica¬ 
tions  and  tho  ro.oarch  in  this  ar«*a  is  generally  directed  toward  a  particular 
use.  Lockheed  ha;  studied  the  electrolytic  polarization  of  beryllium  in  a 
number  of  unstirred  aqueous  solutions.  They  found  that  activation  and 

attack  occurred  in  tho  presence  of  Cl",  ClOj”,  F“,  anc  SO4—.  The  ALC  is 
sponsoring  work  at  the  University  of  Missouri  on  the  conosion  of  nuclear  metals, 
Including  beryl liqm. ^-*1  basic  reactions  of  dissolution. 
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tha  affoet  of  added  «»!♦.-  and  tha  axtant  of  polarization  ara  bait*  studied  aa 
ralatad  to  tha  bahavior  of  netals,  oxidaa,  and  nitridaa  in  hydrofluoric  and 

ether  inorganic  acida.  Tha  AEC  ha.  alao  aponaorod  work  at  Atonic.  International 
to  taat  beryllium  .in  liquid  s©diua,(B3)  and  mxk  at  Qak  Ridg#  t#  resoly#  th# 

unpredictable  nature  of  barylliun  corrosion  in  wat  CO^")  Tha  raaction  of 
barylliun  with  uraniun  carbide  wae  also  investigated.  Bruah  Barylliun  has 
studied  the  oxidation  resistance  of  boryllides  at  high  tenperaturea  in  an 
Mr  Fore.  proj.ct.*")  Ih.  Mr.hr  11  Sp«.  Flight  C.nt.r  of  NASA  h.0  to  O.v.lop 
an  anodic  coating  for  gyroscope  covenants  in  order  to  prevent  problems  resulting 
fron  extremely  snail  amounts  of  corrosion  products.  They  also  found  it  necessary 
to  specify  virgin  natal  powder  for  production  of  the  components. 

Corrosion  of  beryllium  in  marine  atmospheres  has  been  a  problem  in 
gyroscopes.  This  problen  was  studied  also  by  the  Bureau  of  Standards  at  the 
request  of  the  Bureau  of  Ships  studied  beryllium  ,8  ,  possible  c0ttp0fter>.  if 
daap-dlving  submarines. 


Inspfftlon  and  Control 

Texas  .Nuclear  Corporation  i,  currently  investigating  th.  activation 
analysis  of  high-purity  beryllium  for  the  Air  Force. (»>  Initially.  , 
theoretical  study  is  being  made  and  equipment  developed  to  yield  techniques 
for  the  analysis  of  ultrapure  beryllium. 

Inspection  criteria  are  being  established  in  a  study  of  beryllli.  tubing 
st  Oak  Ridge. (9«)  This  *orV  U  primarily  conctrrt^  *ith  th#  #valuiUon  #f 
tubing  from  various  suppliers. 
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ToxiCQlOQV 

The  toxicological  effects  of  beryllium  are  being  investigated  by 
the  Kettering  Laboratory,  Univorsity  of  Cincinnati,  in  a  contract  for  the  Air 
Force* In  the  course  of  developing  useful  information  for  safeguarding 
industrial  personnel,  a  workshop  on  the  subject  has  been  conducted.  Attempts 
have  been  made  to  identify  the  various  beryllium, materials  with  respect  to  tlm 
evidence  of  pulmonary  disease. 

Beryllium  contamination  resulting  from  its  use  in  high  explosive 
assemblies  has  been  evaluated  by' the  University  of  California,  Livermore. 

It  was  established  that  such  contamination  is  confined  within  a  few  hundred 
feet  of  the  firing  point. 

Toxic  hazards  of  beryllium  in  *ol id-propellant  rocket  motors  are 
also  being  examined. Testing  also  has  been  done  both  in  scaled  chambers 
and  in  open  air  by  various  organizations  such  as  Atlantic  Research  Corporation, 
Aerojet-Ceneral  Corporation,  Hercules  Powder  Company,  Brush  Berylliua  Company, 
Dow  Chemical  Company,  and  Ly  tho  Air  Force.  Initial  tosts  Sieve  indicated 
that  mixer  fires  or  launch  failures  may  not  be  a  serious  hazard. 

Midwest  Research  Institute  is  examining  the  toxicity  of  single  does 
of  various  beryllium  compounds  such  as  the  halides  and  the  hydride. 

The'  Kettering  Laboratory  examined  beryl lium-containing  glass  fiber  and 
determined  that  this  material  presented  no  toxicity  hazard. 
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Other  beryllium  compounds  of  interest  are  the  refractory  inter** 
metallic®,  beryllides,  and  the  group  of  compounds—hydrides,  borohydrides,  and 
hydride-hydrocarbon  polymers,  which  along  vdth  alloys  of  beryllium  with  lithiia 
or  aluminum  are  of  interest  as  fuels  for  rockot  propellants*  These  are 
discussed  more  fully  in  the  section  on  propellants* 

Applications  of  beryllium  oxide  aret 

(1)  Refractories 

a*  Pure  BeO 

b.  Composites  with  tungsten 

(2)  Electronic  components 

(3)  Nuclear  reactors 

a*  Fuel  elements 

b*  Structural  parts 

(4)  Fibers  for  reinforcement  of  structural  composites 

a.  Monocrystalline  filaments 

b.  High-modulus  glass  fiber 

Beryllia,  because  of  its  high  melting  point  (2SSO  C),  and  good 
chemical  stability  is  used  as  a  refractory  in  many  specialized  furnaces  and  in 
other  applications  where  refractoriness,  particularly  in  oxidizing  atmospheres, 
is  important*  An  outstanding  characteristic  of  BeO  is  very  high  thermal 
conductivity  at  temperatures  bo low  1000  C.  Thermal  conductivity  increases 
with  decrease  in  temperature  and  becomes  extremely  high  at  cryogenic  temperatures* 
Composites  of  BeO  and  tungsten  containing  different  proportions  of 
the  components  have  been  examined  for  potential  use  as  rocket  nozzles  or 
re-entry  bodies.  Small  amounts  of  BeO  in  tungsten  improves  thermal  shock  and 
Imparts  some  increase  in  heat  capacity  per  unit  weight.  BeO  and  BeO-W  composites 
have  been  only  moderately  successful  in  rocket  nozzles,  however*  BeO -ft  composites 
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were  made  by  Bendix  Products  Division  and  were  tested  in  several  stages  of 
Minuteman.  BeO  and  BeO-W  composites  also  were  tested  in  rocket  nozzle 
isserts  in  an  Army-sponsored  program. (H)  National  Beryllia  Corporation  made 
BeO-W  composites  with  graded  compositions  varying  from  pure  BeO  to  pure 
tungsten,  on  a  Navy  contract. 

Beryllia  is  potentially  useful  as  insulators  in  high-performance 
electronic  components  because  of  its  high  thermal  conductivity  combined  with 
high  electrical  resistivity.  Armour  Research  Foundation,  under  NASA  sponsorship, 
is  working  on  high-temperature  beO  insulators  for  electrical  applications. (104) 
The  Army  Signal  Corps  is  interested  in  this  application  but  it  is  not  doing 
work  at  the  present  time. 

Some  of  tho  factors  that  account  for  the  potential  of  BeO  in  nuclear 
applications  aret 

(1)  BeO  is  more  suitable  in  snail-sized  reactors  than 
graphite.  Consequently  BeO  may  bo  used  as  a  moderator 
and  also  as  structural  parts  in  small  portable  nuclear 
reactors. 

(2)  DcC  is  more  Suituuio  Luaii  grupniwe  in  systems  employing 
oxidizing  coolants,  which  are  likely  to  bo  used  in 
airbourno  power  plants.  At  temperatures  above  2500  F, 
however,  BeO  reacts  with  water  vapor  to  form  a  volatile 
hydroxide. 

(3)  In  areas  at  temperatures  below  2000  F,  BeO  is  stronger 
than  graphite  and  would  be  5  morv  efficient  structural 
member.  At  high  temperatures,  BoO  has  poor  creep 
resistance. 

(4)  BeO  can  be  combined  with  fuel  as  a  reflector. 


Research  programs  sponsored  by  the  Atomic  Energy  Commission  on  BeO 
•re  directed  toward  the  following  problems! 

(1)  Making  high-purity  material  (loss  than  1000  ppm 
metallic  impurities} 

,  %  %  CONFIDENTIAL 

(2)  Improving  uniformity  (roproducibillty) 


(3)  Determination  of  mechanical  and  physical  properties 
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mprovement  of  thermal  shock  at  high  temperature* 


(5)  Determination  of  the  behavior  of  Be  in  radiation 
environment  (formation  of  he  by  the  Be*',  *-«t  reaction) 

(6)  Making  powder  properly 

(7)  Study  of  decrepitation  of  BeO  by  a  phase  transformation 
above  2000  C 


Area*  whore  AEC-sponsored  work  is  being  done  on  BeO  aret 


Non'  Fuel  Research 

Oak  Ridge  National  Laboratory 
Atonies  International 

fuel  Rose:  ~~h 

Livermore  Radiation  Laboratory 
.'ratt  *■  »a**r*oy  Co.,  *nc* 

General  electric  Co. 

General  Atonies  Division  of  General  Dynamics. 

The  Air  Force  is  sponsoring  work  at  the  National  Beryliia  Corporation 

'Kj\ 

to  develop  filaments  of  monocrystallir.e  beryllium  oxide. v  /  It  is  hoped 
that  such  fibers  will  te  useful  as  reinforcement*  for  structural  composites. 

In  work  to  develop  glass  with  a  high  modulus  of  elasticity,  it  was 
found  that  additions  of  HoC  were  the  most  effective  in  increasing  the  modulus 
without  a  proportional  increase  in  density.  High-modulus  glass  fiber  was 
desired  for  structures  such  as  rocket-motor  ca.es.  However,  work  on  high- 
modulus  glass-containing  U«x  was  essentially  :  err.  irate  d  with  the  completion 
of  an  Air  Force-sponsored  project  to  develop  hig!. -modulus  glass  fiber  at  Cfctens 
Coming  Glass  Corporal  ion.  vXvers  Corning  now  offers  a  high-oodulus,  BeG- 

contain.i*)  glass  (YM-BIa)  as  a  cosr.ercial  product,  but  it  is  expensive  and 
the  high  cost,  coupled  with  a  fear  of  toxicity  from  the  contained  beryllium,  het 
deterred  its  use. 
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CONFIMWMAfctiai  uses  for  BoO  aro  as  a  flake  or  fiber  reinforcement 
which  is  beinQ  investigated  by  National  Dcryllia  Corporation  undor  Air  Force 
sponsorship. National  Boryllia  Corporation  has  also  workod  on  BoO 
radomes  under  Navy  sponsorship; ^8I)  howover,  there  is  doubt  that  BeO  can  compete 
with  AI0O3  for  this  application. 

General  Electric  Corporation,  under  NASA  sponsorship,  is  investigating 
BeO  binaries  for  potential  use  as  energy  storage  materials  in  solar  thermionic 
power  systems. 

Work  on  beryllidos,  which  were  of  interest  as  structural  materials 
because  of  their  high-tompo  rature  strength,  low  density,  and  oxidation  resistance, 
was  supported  by  both  the  Atomic  Enorgy  Commission^89)  and  the  Air  Force. (42»27) 
However,  properties  such  as  brittleness  and  marginal  thermal  shock  resistance 
have  deterred  continuation  of  work  on  these  materials. 

Applications 

The  properties  of  beryllium  metal  which  mako  it  of  potential  use 

arei 

(1)  Exceptionally  high  modulus  of  elasticity  to  weight  ratio 

(2)  High  boat  capacity  per  unit  of  weight 

(3)  Nuclear  properties,  including  transparency  to  X-rays 

(4)  High  chemical  energy  per  unit  of  weight  coupled  with 

low  atomic  mass. 

As  a  result  of  the  high  modulus  of  olasticity-to-wcight  ratio, 
beryllium  is  useful  in  c oppressively  loaded  structures  such  as  intermediate 
stage*  in  rocket's,  fins,  and  other  aerodynamic  strictures  such  as  the  antenna 
for  the  Telstar  satellite.  Beryllium  is  also  used  oxtonsively  in  gyroscopes. 
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CONROBMltylM.c*P*city  of  berylllia  por  unit  wight  hot  occountod 
for  its  application. in  re-entry  bodioa  and  in  intoroat  in  ita  application  at 


an  ablativo. 

Tho  nucloar  proportioa  of  borylliue  account  for  ita  atudy  by  tho 
Atonic  Energy  Cwiation.  However,  tha  tranaparoncy  of  btrylliua  to  X-rsye 
probably  accounts  for  ita  application  in  a  aatallito  to  dotoct  nucloar 
explosions  (Vola  Hotol). 

Tho  high  chemical  energy  of  beryllium  accounta  for  intoroat  in  ita 
uao  in  rockot  propellants* 

Sow  of  tho  ayatoM  in  which  beryl  1  lias  la  aoployod  or*  diacuaaod 
bo low.  Sine#  tho  application  of  borylllta  in  propollanta  ia  of  aa)or  intoroat 
bocauao  of  tho  largo  quantities  of  natal  required  for  such  applications,  this 
aroa  ia  diacuaaod  soaewhat  oxtonaivoly. 

NASA  has  conplotod  work  and  NASA  and  tho  Arwy  aro  using  beryllium 
tor  gyrn*r"pe  <-«*pon*«t*  for  *h*  Parching  and  Saturn  rocket*. 


Uni  SMI 

Beryllium  woo  used  as  a  boat  sink  in  several  of  tho  Project  MERCURY 
capsules.  Those  berylltua  bodioa  weighed  approilawtely  1000  lbe.  Copouloo 
with  beryl  Hub  hoot  sinks  were  confined  to  firings  with  tho  Aedatooe  rockot 
end  none  using  borylliuw  wore  orbited. 

Borylliuw  also  Is  used  in  tho  re-entry  body  of  Folarts  *1  end  A2, 
but  probably  *111  not  bo  used  In  A3. 

Borylliuw  also  la  being  used  for  tho  aoler  coll  boards  in  tho  Orbiting 
Geophysical  Observatory  (CCC  Satellite).  Wile  boryllluw't  high  hoot  capacity 
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«**  *  factor,  a  Major  consideration  in  this  application  was  the  doss  Match 
in  thermal  expansion  with  that  of  silicon,  ApproxiMately  72  sqimre  feet  of 
0.043-inch  thick  berylliua  sheet  will  be  used  in  each  of  &  0G0  satellites  to 
be  built  by  the  Space  Technology  Laboratories. 

NASA  has  also  examined  the  heat-sink  properties  of  berylliua  for 
potential  use  in  a  4000  F  supersonic  air  jet. 

Structural 

At  the  Space  Technology  Laboratories,  berylliua  is  being  considered 
for  use  a*  a  structural  mwaber,  skin.,  panels,  end  shielding  on  Vele  Hotel, 
if  fabrication  problems  can  be  worked  out.  Berylliua  May  be  used  in  honeycowb 
panels,  as  thin  sheet,  and  as  threaded  fasteners. 

Beryllita  will  probi  uly  be  used  by  Lockheed  In  the  booster-sustainer 
interconnect  structure  for  SAMOS.  This  aay  m.^loy  structures  :p  to  72  inches 
in  diameter,  36  inches  high,  an.  '.10  wall  th'  *n?ss. 

Beryl,  iua  ,  n«is  fastened  to  ai-urn’.*r  picture  frames  nay  ba  used  as 
Interstage  structures  in  *he  Minutaaan. 

There  is  also  a  possibility  that  berylliu*  tubing  will  be  used  for 
sensor  booms  in  the  u.  ung  Geophysical  Observatory  { JGO  satellite). 

Bery.liur  it  t  ing  considered  as  the  outer  shell  of  noizles  for 
third-stage  Mlnut.^n. 

Beryllium  co  Ko\it#s  also  are  being  developed  by  the  Air  Force  for 
re-wtrj  bodies  W  re  berylliu  is  net  used  as  a  heat-sink  note  cona.^5'^ 

Nuclear 

The  A LC  has  supported  work  at  ctowUa  Intern,*  loc.al  te  otveiup 
berylllt*  aa  a  reflector  coot  rol  material  for  SN'F  reaf.torlP ^aiR^  ajjl^c^S 
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of  beryllium  metal  were  supplied  by  the  Beryllium  Corporation  to  be  used  as 
reflector  elements  in  the  advanced  test  reactor  to  be  installed  at  the 
National  Reactor  Testing  Station  in  Idaho.  Beryllium  probably  is  also  being 
used  as  a  moderator  and  as  shielding  in  the  NERVA  project. 

The  AEC  also  has  supported  vrark  at  Oak  Ridge  National  Laboratory  to 
develop  finned  beryllium  tubing  as  fuel  element  cladding  for  the  gas-cooled 
reactor  program. 

Large  cones  of  beryllium  compose  parts  for  the  Vela  Hotel  satellite. 
The  transparency  of  beryllium  to  X-rays  and  opacity  to  visual  light  may  indicate 
its  application  as  shielding  forjhotomultiplier  tubes  in  X-ray  detection  systems. 

Rocket  Propellants 

There  is  a  very  real  interest  in  the  use  of  beryllium  and  beryllium 
compounds  in  rocket  propellants  today.  This  interest  is  the  direct  result 
of  the  quest  for  higher  specific  impulse,  Isp,  in  both  liquid  and  solid 
propellant  motors.  The  current  Interest  in  beryllium  l*  not  new.  It  has  been 
an  accepted  fact,  at  least  since  1946,  that  to  obtain  tha  jvximum  impulse 
a  metallic  fuel  had  to  be  incorporated  along  with  the  oxidizer  and  binder  that 
make  up  the  conventional  solid  propellant.  Specific  impulse  is  approximately 
proportional  to  XahA'  where  Ah  is  the  difference  in  enthalpy  of  combustion 
gases  at  the  rocket  nozzle  and  in  the  rocket  chamber,  and  M  is  the  average 
molecular  weight  of  the  combustion  gases.  It  has  always  been  obvious,  therefore, 
from  an  examination  of  the  periodic  table  that  Be,  Li,  B,  Al,  and  fig,  have,  in 
the  order  shown,  the  most  promise  as  metallic  fuel  additives  for  increasing  the 
specific  impulse  of  propellants.  Until  the  past  few  years,  the  use  of  beryllium 
has  been  avoided  and  work  has  been  concentrated  on  the  other  GQNWMNflAL 
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fur  most  of  this  concentration  has  been  with  the  addition  of  aluminum  powder. 

It  is  almost  standard  practice  to  add  aluminum  to  all  high-energy  solid- 
propellant  formulations  today. 

With  respect  to  Li,  B,  Al,  or  Mg,  the  SMXimum  Increases  In  specific 
Impulse  hsve  essentially  been  achieved.  To  obtain  higher  Impulses  with  present 
day  formulations,  it  was  therefore  necessary  to  consider  the  proc  and  cons  of 
using  beryllium.  The  biggest  argument  against  beryllium  has  been  the  toxic 
nature  of  beryllium  exhaust  products,  naswly  BeO.  Baryllium  also  is  relatively 
expensive.  The  main  argument  for  beryllium  is  that  in  solid  propellants, 
impulses  of  the  order  of  280-285  lb-sec/lb  sppear  possible.  This  is  about 
20  lh-sec/lb  greater  than  is  currently  achievable  with  aluminum  on  comparable 
propellants. 

Calculations  also  indicate  that  very  high  specific  impulses  are  pos¬ 
sible  by  additions  of  beryllium  to  liquid  propellants.  The  Be-O-N  system, 
which  has  a  maxlorns  specific  impulse  at  26.8  wt  per  cent  or  88  voluue  per  cent 
hydrogen,  has  a  calculated  value  of  456  sec.  However,  the  potential  difficulties 
in  using  this  propellant  combination  which  Involves  two  cryogenic  sraterlels  plus 
a  high  melting  toxic  metal  are  formidable.  An  experimental  program  ia  under  way 
at  Atlantic  Research  Corporation  to  verify  the  theory  Involved  in  the  tri- 
propellent  approach. 

In  solid  propellants,  beryllium  can  be  ueed  In  essentially  two  ways. 

It  can  be  used  as  a  fine,  metallic  powder,  just  es  aluminum  is  used  today,  or 
it  can  be  compounded  as  a  hydride  ,  borohydride,  or  ae  a  beryllium-hydrocarbon  polymer. 
Beryllium  metal  powder  can  bo  substituted  for  aluminum  powder  In  almost  any  of 
tht  presently  used  solid  propellant  formulations  without 

in  production  techniques  or  equipment  employed,  except,  of  course,  for  precautions 
against  toxicity. 
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It  It  estimated  by  the  Air  Force  that  substitution  of  beryllium  for 
aluminum  in  toete  solid  propellants  may  begin  in  1962.  The  development  of  a 
stable  fora  of  aluminum  hydride  has  also  open-ad  the  possibility  of  using  this 
type  of  fuel  in  advanced  solid  propellants.  Beryllium  metal  and  aluminum 
hydride  have  comparable  impulse  values  in  equivalent  propellant  systems. 

Aluminum  hydride,  however,  is  in  the  very  early  stages  of  development  and  the 
Air  Force  does  not  expect  it  to  be  employed  in  propel liit-  >efore  1963.* 

Most  of  the  interest  and  work  today  .s  on  adding  metallic  beryllium 
instead  of  aluminum  to  standard  ammonium  perchlorate-hydrocarbon  o.nder,  or 
double-base  propellants.  Most  of  the  current  impulse  data  is  the  result  of 
calculations,  not  experiments.  Calculations  are  carried  out,  using  available 
free  energy  data,  on  the  known  oxidation  products  of  beryllium.  The  calculations 
are  usually  for  solid-propellant  formulations  ccntainii.g  10-13  per  cent  beryllium 
and  are  usually  compared  with  calculated  data  for  aluminum-containing  propellants 
which  have  about  the  same  flame  temperature.  Beryllium-containing  propellants 
generally  have  higher  flame  temperatures  then  aluminum  propellants  (when  the 
sollds-loading,  metal  *  ammonium  perchlorate,  is  kept  constant).  This  means 
that  nozzle  erosion  problems  may  be  more  severe  with  beryllium  propellants. 

Atlantic  Research  Corporation  and  Aerojet-General  Corporation  have 
built  “scrubbing"  facilities  for  firing  beryllium  propellants.  Other  organizations 
such  as  -.trculet  Powder  Company  at  Magna,  Utah,  probably  have  *l;o  built  such 
facilities.  It  is  very  probable  tnat  m  1962,  much  nore  firing  data  on  beryllium 

•  A  hevjew  of  the  High  fcr.ergy  hollo  Propellant  Research  cftcri,  J.  T.  Cdwards, 

R .  L.  Gcisl<*r,  bbvjru  Test  uroup  (Dev.),  Air  Force  byster.s  Cvoroand,  p.  3. 
bulletin  of  the  loth  Mealing  jAKAF-AnPA-NAOn  ioiid  Propellant  Group,  June, 

1V62,  Vol .  I.. 
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propellants  will'  be  com  available.  These  data  will  show  how  far  the  calculated 
Isp  data  deviate  from  actual  firing  data,  and  in  this  way  Indicate  whether 
there  are  big,  unknown  gaps  in  present  knowledge  of  the  thermodynamic  pro  erties 
of  beryllium  oxidation  products.  There  is,  for  example,  indication  that  the 
burning  efficiencies  of  beryllium  are  not  so  high  as  aluminum.  If  the  firing  data 
prove  nearly  as  encouraging  as  the  calculated  data  for  the  direct  addition  of 
beryllium  powder,  we  may  expect  a  real  push  on  the  program. 

Potentially,  the  use  of  beryllium  hydride  or  beryllium  hydride- 
hydrocarbon  (or  fluorocarbon)  polymers  is  even  more  exiciting  than  the  use  of 
beryllium  metal.  Sp„„ific  impulses  of  the  order  of  300-3 2C  .o-sec/lb  have  been 
calculated  for  such  propellants.  The  density  of  beryllium  hydride  is  relatively 
low,  about  0.66  gm/cc  compared  with  beryllium  metal  at  1.8b  gm/cc,  but  for  high 
altitude  (upper  stage)  use,  there  is  still  a  net  gain  in  specific  impulse.  This 
is  true  because  impulse  is  related  to  density  in  accordance  with  the  equation! 

Effecti'-e  impulse,  -T1  -  .1 

The  effective  impulse,  ,  is  not  effected  severely  hy  decreased  density 
because  K  is  altitude  dependent.  At  low  altitude,  K  =  O.t  and  at  high  altitude 
K  =  0.2. 


Although  there  is  now  considerable  work  under  way  to  develop  beryllium 
hydride,  its  use  in  propellants  is  not  anticipated  before  196b. 

beryllium  aluminum  hydride-  is  another  potential  high  energy  eot^uuud 


which  is  currently  being  investigated. 


M  st  of  the  work  on  oeryll ivifi  propellants  is  now  being  sponsored  by 
the  Air  Force. (H«l*»lv,14,l,,U;,lt>,rl ,2<>, *.1,43, bo, 62, 23, 20,69,24,06, 2b)  NASA 

and  the  ?■>,-  *(*3, <4, /{()  sponsor, ng  sene  while  the  Army,  as  far  as  can  be 


detonr.il', <*<J,  i.u  no  programs  at  this  time 
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CONF|,^^h^T!Aljuncti^  with  the  Air  Force,  is  developing  the  XM-Q5 
and  XM-86  which  are  spherical  motors  which  will  be  used  as  the  fourth  stage  of 
Blue  Scout,  Jr.  and  the  large  Blue  Scout,  respectively. (13,15,22,63,103)  Both 
may  contain  beryllium  in  the  propel ) ants.  The  XM-85  v/ill  contain  about  135  lbs 
of  propellant  while  the  XM^36  will  contain  about  600  lbs.  This  application, 
therefore,  will  not  create  a  large  demand  for  beryllium. 

If  the  Air  Force  decides  to  use  beryllium  in  the  propellants  in  second 
and  third  stage  Minutc...on,  which  it  is  considering  oing,  requirements  for 
beryllium  metal  powder  will  of  the  order  of  1,000,000  pounds  per  year.  This 
demand  alone  would  be  a. out  twice  the  Dresent  capacity  to  produce  beryllium 
powder.  Furthermore,  the  present  commercial.  grade  of  beryllium  powder  may  not 
be  satisfactory  and  new  processes  as  well  as  new  plants  may  be  required  to 
produce  It.  Current  specifications  call  for  powder  17  microns  and  rest  in  size 
(502  in  the  8-10  micron  range)  with  preferably  spherical  shaped  particles.  A 
prominent  requirement  Is  low  oxygen  content  (less  than  0.52  BeO),  although  0.52 
BeO  would  reduce  the  theoretical  specific  impulse  only  about  i/4  second. 

Commercial  grades  of  beryllium  powder  have  the  following  properties* 


Source 


Size 


Cost.  $/lb  Oxide  Content.  2 


Brush 

-325  mesh 

70 

1-1.5 

17  micron 

8C 

1.5-3 

17  micron 
(minus  fines) 

IOC 

1.0 

General  Astromctals 

5  micron 

150 

- 

Texas  Instrument 

1-5  micron 

100 

<0.5 

The  principal  redeeming  feature  of  propel  lant-«jrade  powder  is  that  Al,  Mg,  or  B 
as  impurities  would  not  be  detrimental. 

In  longer  range  programs,  the  Air  For  e  is  newton  so  ring  a  considerable 
amount  of  work  on  the  p; eduction  of  beryllium  hydride.^*’ 

•  Hoys  of  Be-Al  and  Be-Ll  it  being  sponsored  at  New  York  University. 
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Research .gunnortf-tl  by  the  U.  S.  Bureau  of  Mines 


1.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


B't  35fl2 

Albany  Metallurgy  Research  Center,  Albany,  Oregon 

A.  II.  Roberson 
Charles  V.  Merrill 
July  1961 


Title: 


Metallurgy  -Extractive,  High  Purity,  Corona  Radiation,  etc. 


Bench-scale  research  vill  be  conducted  on  the  extraction  of  berylliua 
from  low-grade  source  tutorials  and  on  reduction  to  berylliua. 


2.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


BM  360O 

Reno  Metallurgy  Research  Center,  Reno,  Nevada 
T.  R.  Grahm 
Charles  V.  Merrill. 

July  1961 


Title: 


Metallurgy — Extractive,  High  Purity,  Ganna  Radiation,  etc. 


Investigations  on  preparing  high-purity  berylliua  by  aolten-salt 
electrochemical  to.  i> -.iquec,  ..t.  i  an  evaluation  of  promising  electrolytes 
and  physical  and  cl  .deal  pheno^nu  that  affect  electrodeposltlon  and 
purity  of  metals. 


3.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


BM  363O 

Salt  Luke  City  Metallurgy  Research  Center,  Salt  Lake  'City,  Utah 

B.  H.  Clemmons,  Jr. 

Churl us  J.  Merrill 
July  1961 


Title: 


Metallurgy— Extractive,  High  Purity,  Gama  Radiation,  etc. 


Hydrometallurglcul  methods  to  produce  pure  beryllium  salts  from 
various  pure  beryllium  ores  and  concentrates  vill  be  developed. 


L.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


BM  3680 

Tuscaloosa  Metallurgy  Research  Center,  University,  Alabama 

C.  Iuuuj*ucek 
Charles  W.  Merrill 
July  1981 


Tit  l  : 


Metallurgy— Extractive,  High  Purity,  Gamma  Radiation,  etc* 


Leryl  concentration  research  will  be  undertaken  on  a  test  plant  and 
laboratory  scale  to  improve  procedures  for  recover! .  „  beryl  in  a  product 
of  not  lcr.o  than  heO  from  pegmatite  tailings  of 

opodumenc  plant  at  Kinga  Mountuin,  N.  C.  nicrsodynuiuC^fflnDm  w  L 
made  of  beryllium  und  other  compounds  that  may  be  significant  in  beryllium 
extractive  research. 
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Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 


BM  3756 

Reno  Metallurgy  Research  Center,  Reno,  Nevada 
T.  S.  Crelua 
Chariec  W.  Merrill 
August  196I 


Title:  Metallurgy— Extract ive ,  High  Purity,  Oauaa  Radiation,  ate. 

Limited  snail  quantities  of  high-purity  uranium  and  beryllium  from 
molten-salt  electrorefining  techniques  will  continue  to  be  supplied  to 
UCLUL  for  evaluation. 


Contract  No. 

Contractor: 

Contuct: 

Project  Monitor: 
Dates: 


BM  3829 

Division  of  Mineral  Resources,  Pittsburgh,  Pennsylvania 
0.  W.  Josephson 
Charles  W.  Merrill 
July  1961 


Title: 


Resource  Investigations,  Technologic  and  Economic,  etc. 


Intensive  search  of  deposits  in  New  England  stages  for  beryllium  in 
new  and  nonpcgmatlte  sources  will  be  concluded.  Field  work  shall  consist 
of  examination  of  deposits  to  determine  small  quantities  of  beryllium  in 
rock  samples  followed  by  classifying  and  evaluating  beryllium  deposits  ac¬ 
cording  to  mineral  content,  size,  geologic  type,  location,  and  ease  of  mining 
and  benefldatlon.  Search  of  deposits  in  southeast  Halted  States  for  beryllium 
will  be  completed. 


Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 


P-M  3fi31 

Division  o.f  Mineral  Resources,  Bartlesville,  Oklahoma 
R.  S.  Sanford 
Charles  W.  Merrill 
July  1961 


Title: 


Resource  Investigations,  Technologic  and  Economic,  etc. 


A  study  of  resources  of  tellurium,  selenium,  germanium,  and  beryllium 
in  the  southwest  area  will  be  made.  General  reconnaissance  of  favorable 
arcus  will  be  carried  out.  Any  occurrence  which  warrants  additional  work 
will  be  examined  and  sampled  in  more  detail.  An  examination  will  be  made 
of  mine  tailings,  particularly  if  pyritlc,  and  base-metal  smelter  slags. 


Contract  No. 

Contractor: 

Contact.: 

Project  Monitor: 
Dates: 


BM  3633 

Division  of  Mineral  Resources,  Denver,.  Colorado 
R.  V.  Ceehan 
Charles  V.  Merrill 
July  1961 


Title:  Resource  Investigations,  Technologic  and  Bconoede,  etc. 

The  Intensive  search  of  Region  III  deposits  for  b.iGQMMMNU*L 
new  and  nonpegnatltc  sources  will  be  concluded.  Field  work  will  consist  of 
systematic  exploration  of  deposits  according  to  mineral  content,  else, 
geologic  typo,  location,  and  benefldatlon  end  ease  of  mining.  Exploration 
of  tho  Brcadpun  Deposits,  Gila  County,  Arizona,  for  beryllium  will  etart. 
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9*  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


BM  ’,836 

Division  oi  Mineral  Resources,  San  Francisco,  California 
W.  F.  Dietrich 
Charles  W.  Merrill 
July  1961 


Title: 


Resource  Investigations,  Technologic  and  Economic,  etc. 


Search  vill  be  node  for  deposits  of  berylliua  emphasising  new  end 
nonpegnatite  sources;  equipment  vill  be  used  to  detect  and  examine  snail 
quantities  of  beryllium  in  rock  samples,  sad  evaluate  beryllium  deposits 
according  to  Mineral  content,  site,  geologic  type,  location,  and  ease  of 
■ining  and  bcneficiatlon.  Occurrences  will  be  noted  of  other  valuable 
Minerals  associated  with  berylliuM  such  as  calaafclun,  tantalum,  cesluM, 
and  rubidiua. 

10.  Contract  Mo. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

TiUe: 


BM  3638 

Division  o.'  Mineral  Resources,  Albany,  Oregon 
U.  M.  Bishop 
C.  W.  Merrill 
July  1961 

.-to source  Investigations,  Technologic  and  Economic,  etc. 


The  intensive  search  of  Region  I  deposits  for  beryllium  with  emphasis 
on  new  and  nonpegjoitite  sources  vill  be  continued.  An  intensive  search 
vill  be  continued  for  beryllium  in  Alaska,  especially  on  the  Seward 
Pennlnsulu  with  empnasis  on  new  and  nunpegnaoite  sources. 
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Research  Supported  by  the  U,  S.  Air  Force 


11.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor : 
Dates: 


AF  04(611 )-6o8l 

Convair  Division,  General  Dynamics  Corporation 
R.  L.  Jones  and  R.  E.  Carlson 
J.  Branigan,  Edvards  Air  Force  Base 


Title: 


A  Theoretical  Design  Study  Applying  Beryllium  to  Storable 
Liquid  Propellant  Rocket  Tankage 


A  metallurgical  and  structural  design  study  was  conducted  to  deter¬ 
mine  the  feasibility  of  using  beryllium  for  storable  liquid  propellant 
rocket  tankage  in  the  near  future. 


12.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  04(611 )-6356 
New  York  University 
Dr.  C.  J.  Marsel 
Lt.  R.  Urbane k 
February,  1962 


Title:  HiGh- Energy  Fuel 

Development  of  phase  diagrams  for  Be— A1  and  Be— Li  systems.  (Funds 
are  being  supplied  by  Columbia  Explorations,  Ltd.,  Van  Couver,  B.  C.,  vho 
claim  to  have  extensive  beryllium  ore  deposits  in  Canada.) 


13.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  04(6ll)-7017 

Atlantic  Research  Corporation 

J.  Burton 

W.  Bacon,  DGSCP 

April  1961  -  October  1961 


Title: 


Tailoring  of  a  High-Energy  Solid  Propellant 


Development  of  beryllium-containing  propellant  for  XM-d$. 


14.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor 
Dates: 


AF  04(6ll)-7027 
Metal  Hydrides,  Inc 
Dr.  S.  Johnson 
Lt.  R.  Urbanek 
May  1962 


Title: 


Development  of  Process  for  Synthesis  of  Beryllium  Hydride 
and  Other  Pure  Metal  Hydrides 


Contractor  reports  that  they  have  produced  a  pure  LigBcH^. 
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15 .  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  04(6ll)-7037 

Atlantic  Re sc ur eh  Corporation 

J.  Burton 

Lt.  Hasselmann 

May  be  completed  now 


Title: 


Initial  Production  of  XM-85  Motors 


me  purpose  of  this  project  is  to  develop  a  16- inch— diameter  spherical 
motor  for  fourth  stage  of  Blue  Scout,  Jr.  This  Motor  will  contain  about 
I35  lbs  propellant  and  is  designated  XM-85*  (it  my  contain  a  beryllium 
propellant. ) 

16.  Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 


AF  04(6ll)— 7414 

Rocket  Power,  Pasadena,  California 

Milton  Farber 

Curtis  C.  Selph 

June  1,  1961  -  August,  19^2 


Title: 


Study  of  Rocket  Engine  Exhaust  Products 


17.  Contract  No. 
Contractor: 
Contact : 

Project  Monitor: 
Dates: 


AF  04(611 )-7k30 
Ethyl  Corporation 
Dr.  F.  Conrad 
Lt.  R.  Urbanek 

June  15,  1961  -  August  15,  1962  ('  couple  tea  Miy  1,  1961) 


Title: 


Preparation  and  Characterization  of  a  Light-Weight  Metal  Hydride 


Laboratory  sculcup  of  production  of  6o£  pure  beryllium  hydride.  Follow 
up  on  AF  33(616 )-6505. 


18.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  04(611 >-7431,  Task  30312 
Acrojct-Generul  Corporation 
Dr.  Shookoff 
W,  Bacon,  DGSCP 
July  19ol  -  February  1962 


Title:  Research  and  Development  of  the  State  of  the  Art  of  High- 

Energy  Solid  Propcllunts 

Worked  with  three  sices  of  motors  (5,  10,  and  15  lb  total  propellant 
weights ).  Hydrazine  perchlorate  beryllium  propellant  with  specific  impulse 
of  292  lbf/ccc/lbo.  processed  successfully  in  50-gram  batch  size.  Total  of 
23  firings  of  motors  ut  Sacramento. 


19.  Contract  No.  AF  04(6ll}-7442 

Contractor:  Acronutronic  Division,  Ford  Motor  Company 

Contact:  Dr.  Hildcnbrand 

Project  Monitor:  C.  C.  Selph 

Dates:  June  30,  1961  -  December  196.3  CONFIDENTIAL 

Title:  Thermodynamic  Properties  of  Rocket  Combustion  Products 


Measurement  of  heat  capacity  and  heat  of  formation  of  beryllium  compounds. 
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20.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Date*;: 

Title: 


A-6 

AP  04(6ll)-7449 
Atlantic  Research  Corporation 
Joseph  A.  Herickea 
Willi.....  3.  Wilson,  DGREE 
July  1961  -  Juno  1962 

Evaluation  of  Multicomponent  Propellant  Systems 


Development  of  tripropcllant  system  (liquid  oxidizer  +  liquid  fuel 
+  beryllium  powder) .  To  demonstrate  feasibility  of  using  tripropellant 
system  and  to  check  theoretical  calculations.  Small  motors  (1000  lb 
thrust)  will  be  fired  In  chambers. 


21.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  04(611 )-7554  (ARPA) 

Dow  Chemical  Co.npany 
Dr.  Irish 
J.  T.  Eduards 

January  1962  -  December  1962 


Title: 


Beryllium  Hydride  Synthesis  -  Beryllium  Toxicity 


22. 


(a)  Beryllium  hydride  synthesis  -  they  have  made  beryllium  borohydrlde 
Be(BH3)2. 

(b)  Beryllium  toxicity. 


Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 


AF  04(611 )-3015 
Acrojct-Ceneral  Corporation 
Mr.  Pippin 
Lt.  Husselmann 

December  1961  -  September  1963 


Title: 


Development  of  an  Advanced  Propellant  Upper  Stage  Motor  (XM-66) 


The  purpose  of  this  project  is  to  develop  a  high  performance  rocket  motor 
utilizing  high-energy  propellants  and  advanced  components.  It  will  contain 
a  beryllium  propellant.  Total  motor  weight  -  621  lbs. 


23.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


AF  04(611 )-8l30 
Atluntic  Research  Corporation 
Charles  Henderson 
Willard  S.  Bacon,  DGGCP 
April  1962  -  April  1963 


Title:  Development  of  High-Energy  Propellants 

Will  work  on  ummonium  porchloruto/bcrylllum  propellant  development  sad 
on  development  of  advanced  oxidize rn  for  use  In  beryllium- con tainJ ng 
propellants.  Propellunt  weight  of  >0  lbs  per  motor. 
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24.  Contract  Mo.  AT  04(6ll)-8l79 

Contractor:  North  African  Aviation,  Rocketdyne  Division,  Canoga  Mark 

Contact:  David  Golding 

Project  Monitor:  V.  Backs,  DG3CP 

Dates:  June  1^62  -  June  1963 

Title:  Development  of  Blgh-Ea ergy  Propellants 

Baryllium  additives  and  oxldlasr  devalopsnnt.  Snail  actors  (15  lbs 
total  propellant  weight). 

2f>.  Contract  Mo.  AT  04(6ll)-&17& 

Contractor:  Ifciokol  Chemical  Company 

Contact:  Ernie  button 

Project  Monitor:  Lt.  Wayne  Rove 

Dates:  June  1962  -  December  1963 

Title:  Development  of  High- Energy  Propellants 

Work  will  be  on  berylliua  additives  and  oxidiser  development .  Will  vork 
with  snail  motors  containing  total  of  5  lbs  of  propellant  per  w>tor. 

26.  Contract  Mo. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Weapon  System  133A,  Third-Stage  Motor 

Calculations  were  aide  of  theoretical  Isp  obtainable  by  using  beryllium 
in  several  Hercules  propellant*.  Studies  were  made  of  safe  handling  procedures 
associated  with  firing  beryllium-containing  propellants.  A  pilot  model  for 
firing  motors  is  being  designed. 

27.  Contract  Ho.  AT  04(n47>-^0 

Contractor:  aerospace  Corporation 

Contact:  E.  1,  Kendall 

Project  Monitor:  — 

Dates:  — 

Title:  Dcryiiium-ooruaining  Material#  Program 

beryllium  and  lie  compounds  are  being  s.udi  'd  to  deteroir-e  the  degree 
to  vhich  they  vill  be  useful  for  future  missile  and  specs  systeM.  Work 
has  been  done  on  optical  properties  of  beryllia  and  on  weldi.4  beryllla  to 
itself  and  to  Other  ceramics . 


AT  04(647  )-243 
Hercules  Powder  Company 
J.  N.  Sherman 
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2d.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


A-8 

AP  29(60l)-2607 

General  Dynamics  Corporation,  General  Atomic  Division 
J.  C.  Stewart,  K.  D.  Pyatt,  Jr. 


Title:  Theoretical  Study  of  Optical  Properties 

Photon  absorption  coefficients  and  mean  opacities  vere  calculated  for 
H,  Be,  C,  N,  Si  and  A1  over  a  temperature  range  of  1.5  to  34  ev  and 
densities  ranging  from  10**1  g/cm3  downward. 


29.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AP  33(600 )-36795,  Project  7-647 

Ladish  Company 

A.  F.  Hayes 

Campbell,  ASRCTfl 

May  6,  1958  -  November  19,  1961 


Title:  Beryllium  Forging 

Phase  I  -  Basic  forging  studies  were  conducted  over  a  vide  temperature 
range  ( 1 300-2050  F>.  Sensitivity  to  Interrupted  forging  and 
the  need  for  lateral  1  support  vere  established. 


Phase  II  -  Press  forging  of  mild  steel  Jacketed  beryllium  was  studied 

to  establish  conditions  for  optimum  tensile  properties  (1375  F). 
With  sufficient  support  in  flat  dies,  forging  temperature 
appeared  to  show  no  effect  on  forgeability. 


Phase  III  -  Bare  forging  was  studied  with  support  provided  by  an  expendable 
hot  steel  die  member.  Successful  for  forging  both  shallow 
and  deep  aavltles. 


30.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AP  33(600 )-36931 

Northrop  Corporation,  Koralr  Division 

Felker,  ASRCTB 

Nay  14,  1959  -  October  1962 


Title: 


Extruding  Beryllium  into  Structural  Shapes 


To  develop  improved  methods  for  extruding  beryllium  into  high-quality 
structural  parts  for  future  spacecraft.  A  secondary  but  important  objective 
is  to  determine  and  then  optimise  variables  of  the  extruding  cycle  which 
will  improve  the  transvorse  ductility  of  the  extrusion.  'A  major  effort  Is 
directed  toward  the  development  of  methods  for  drawing  beryllium  extrusion 
to  thin  uniform  complex  shapes. 
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Contractor: 

Contact: 

Project  Monitor: 
Dates: 


A-9 

AP  33(600 >-37211 

University  of  Cincinnati,  Kettering  Laboratory 
L.  H.  Miller,  M.D. 

L.  J.  Coalon,  ASRCTC 
July  1956  -  April  15,  1962 


Title: 


Toxicological  Sffecta  of  Barylllun  in  Manufacturing 


To  develop  sufficient  industrial  medical,  toxicological,  and  industrial 
hygiene  engineering  information  in  usable  form  to  safeguard  Industrial 
personnel  working  with  beryllium  materials. 


32.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AP  33(600 >-37902 
Beryllium  Corporation 
J.  P.  Denny 

A.  II.  Langenheim,  ASRCTB 


Title: 


Beryllium  Casting 


Methods  were  developed  for  production  of  sound  3-inch  diameter  vacuum 
caot  billets.  The  technique  relies  oh  thermal  gradients  within  the  mold  to 
control  directional  solidification  and  eliminate  centerline  shrinkage. 

Small  additions  of  germanium,  zirconium,  and  lanthanum  have  a  grain  refining 
effect  but  the  extent  of  refinement  is  small  compared  to  the  affects  of  fast 
cooling.  Copper  and  graphite  molds  were  used.  The  fins  grained  castings  can 
be  hot  extruded  at  1850  F. 


33.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  33(600)-36062,  AT(ll-l)-171 
General  Electric  Cos^Miy 
A.  D.  Felth 


Title: 


Feasibility  of  Threading  Beryllium 


Feasibility  and  necessary  design  parameters  for  threading  holes  in 
beryllium.  Torque  and  tensile  tests  are  described.  IV  was  concluded 
that  internal  threading  is  feasible. 


34.  Contract  No. 
Contractor: 
Contact : 

Project  Monitor: 
Dates: 


AF  33 (600>- 40648 
The  Martin  Company 
C.  J.  Giemza 
F.  E.  Burnett 

February  i960  -  March  1961 


Title:  Evaluation  of  Structural  Beryllium 

The  principal  objectives  of  this  investigation  are  (l)  to  establish  a 
standard  measure  of  merit  fo*  characterizing  so-called  structural  beryllium, 
and  (2)  to  experimentally  ai, certain  the  relative  superiority  in  the  structural 
sense  of  the  beryllium  ohett  produced  by  three  methodg  pf^fshrl^tlQ^  comely 
hot  upsetting,  hot  pressing,  and  hot  pressing  with  bfafflwiCjflflTni l«|. 

Bend  tests  were  found  most  usef il  to  evaluate  the  plastic  strain  behavior  of 
test  materials.  Results  indicate  ductile  behavior  depends  on  (1)  degree  of 
anisotropy,  (2)  the  stress  stage,  and  (3)  temperatura  of  reduction* 
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35«  Contract  Mo. 
Contractor; 
Contact: 

Project  Monitor: 

Dates: 


**  33(600)-4l959 
Beryllium  Corporation 
K.  C.  Taber  and  E.  E.  Welsaantel 
Her  tie,  ASRCTB 


Title: 


Development  of  Techniques  for  Producing  Beryllium  Structural 
Shape* 


Low  barylllun  oxide  products  rolled  sheet  is  preferred  or  hi  |K*r  »»< da 
content  because  of  property  consistency.  High  BiO  content  causes  increase 
in  tensile  and  ultimate  strengths.  Increase  in  strength  of  low  oxide  sheet 
should  be  obtainable .  Surface  preparation,  the real  treatments,  ate. 


36.  Contract  Mo. 
Contractor: 
Contact: 

Project  Monitor: 

Detee: 


AF  33(600  >-42916 
Vitro  Laboratories 
J.  Holagrin 
L.  C.  Policy 


Title 


Subalcron  Powder  Msnufucturlog  Methods  Development 


Vitro  Laboratories  is  now  engaged  In  a  state-of-the-art  study  on  the 
production  of  fine  powders  largely  in  the  1000  to  100  A  range,  i.e.,  0.1 
alcron  down  to  0.01  micron  diameter.  The  following  are  the  a. Lc rial a  to  be 
studied:  metals;  aluminum,  coUmhitm,  tungsten,  titanium,  lithium,  and 
beryllium;  oxides;  iron  oxide,  SlOj,  AljOj,  TbOg,  trOj,  TiO^,  molybdenum 
oxide,  Columbian  oxide,  tantalum  oxide,  and  tungsten  oxide;  carbides, 
titanium  carbide,  tantalum  carbide,  thuilu*  carbide,  tungsten  carbide, 
colunblua  carbide,  and  molybdenum  carbide.  The  be 11 arc  process  is  the 
primary  methuu  used  iu  u.i»  pii*u«a.  studies  concern  Ai-O' 

TbOa,  W03,  V,  Al,  and  T»C  J 


37 •  Contract  Mo. 
Contractor: 
Contact : 

Project  Monitor: 

Da  tee: 


AT  33(*»>-4}03? 

The  Sruah  heryiiiun  Coe.,  -ny 

Dr.  JC.  Wixie 

Hugh  L.  Black 

July  19*  1  -  .'k'venoer  19o2 


Title: 


Rolling  Improved  Bcryillun  Sheet 


The  program  is  concerned  v*th  the  development  of  improved  beryllium 
sheet  wita  high  mechanical  properties  in  «  flat  ccsviltl.^j  vitfc  good 
reproducibility.  A  review  of  literature  concerned  with  beryllium  sheet 
product  ,oo  was  aade  atui  ir.  general  did  not  yield  much  infonmtiuo.  A 
detailed  program  outline  vu  prepared.  The  ir.beetlgatioa  of  rolling 
par  carters  has  Initiated.  PrellaoMry  studies  have  bees  initiated 

on  tee  isotropic  due’  11  it y  phase  of  the  program,  riniahing  ope  ret  lease  cm 
currently  produced  beryl! lam  sheet  are  being  investigate^  ^  ;  *f>F  |  '  i 
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3d.  Contract  Mo. 
Contractor: 
Contact: 

Project  Monitor: 
Betas: 


#11 

AF  33(616 )-560< 

Mollory-Sharon  Metals  Corporation 
J.  Perryman 
T.  D.  Cooper 
April  15,  1956  - 


Title: 


Electron- Be  as  Melting  of  Be,  Boron,  Boron  Carbide,  Tantalus: 
Carbide,  Titer  us  Carbide,  Tungsten  and  Zlrconl.ua  D1  boride 


It  was  found  that  beryllium  could  be  deoxidised  by  adding  yttrium  to 
the  melt.  Beryllium  was  both  arc  melted  and  electron-beam  malted.  The 
quality  of  electron-beam  aelta  was  good  but  arc  melt  quality  was  poor. 
Electron-beam  malting  did  not  improve  the  tensile  properties  of  beryllium 
extrusions. 


39>  Contract  Mo. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AP  33(616  )-5602 

Owena-Coming  Fiberglas  Corporation 
0.  P.  Peterson 

May  15,  1958  -  April  14,  1959 


Title: 


High-Mod ulus  High-Temperature  Glass  Fibers  for  Reinforced 
Plastics 


Investigate  drawing  of  high  modulus  glass  fibers  and  the  properties  of 
laminates  reinforced  with  them. 


bO.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Bates: 


AF  33(616 )-o413 

The  Brush  Beryllium  Company 

B.  MucPherson 

Lt.  S.  6.  Christopher 

May  l.O'i  ~  August  iyoo 


Title:  Fusion  Welding  of  Beryllium 

Buvkgrounu  and  standard  conditions  for  fusion  welling  are  described. 
“Hie  effect.-  of  post  heat  treating  and  fixturlng  on  fusion  welds  vert 
studied.  Multiple  past  ana  fillet  voiding  were  also  investigated. 
Residual  impurities  and  the  development  of  beryllium  filler  wire  with 
various  coatings  were  studied  in  their  relation  to  fusion  welds. 


41.  Contract  do. 
Contractor: 
Contact : 

Project  Monitor: 
Dates: 


AF  33(016 )-65C5  ( ARTA) 
Ethyl  Corporation 

Lt .  R .  Urbane* 
Completed 


Title: 


dynthei*is  of  Beryllium  Hydride 


Initial  work  to  rynthesize  the  compound 
this  contract. 


the  laboratory  was  done  no 
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Con tract  Ho. 

Contractor: 

Contact: 

Project  Monitor: 

Oates: 


AF  33(6loM$540 

The  Brush  Beryllium  Company 

J.  Booker 

T.  K.  Lipcart 

Hay  1959  -  December  1961 


Title: 


Investigation  of  Internets) lie  CMgxMnda  toe  Very  High- 
Temperature  Applications 


An  Investigation  vas  undertaken  to  determine  the  capability  of  refractory 
metal  beryllides  and  silicldes  to  serve  as  structural  material?  at  tesperatures 
in  excess  of  2900  T  for  short-time  service.  Ispact  thermal  shock,  and  oxidation 
resistance  of  TagBejj  and  WSig  are  reported.  Vapor  pressure  measurements  and 
oxidation  rates  for  tantalum  and  xirconium  beryllides  are  also  included. 


43.  Contract  Ho. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


AF  33(616  H>623 

Atlantic  Research  Corporation 

Nr.  Keith  Rumbel 

V.  Bacon,  DGSCP 

July  1999  -  July  1962 


Title: 


An  Experimental  Program  to  Evaluate  High-Performance 
Solid- Propellant  Ingredients 


Work  will  include  use  of  fluorine  to  get  beryllium  fluoride  exhaust 
species . 


44.  Contract  Ho. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  33(616 >-6905 

Lockheed  Aircraft  Corporation 

R.  F.  Cravford 

February  l'X'O  - 


Title; 


Structural  Design  Data  for  Beryllium 


Cylindrical  sheila  20-inch  diameter,  10-inch  long,  and  0.020-inch  thick 
were  tested  to  determine  failure  under  hydrostatic  aad  uniaxtal  compression, 
the  shell  l  achled  at  a  differential  pressure  of  6.9  pel  under  hydrostatic 
compression  followed  by  a  catastrophic  shattering  of  the  shall.  Tbe  design 
data  predicted  the  pressure  observed.  Premature  failure  occurred  under 
uniaxial  loading  but  it  vas  observed  that  premature  buckling  did  not  lead 
to  cataetrophlc  shattering. 


*5- 


Contract  Ho. 

Contractor: 

Contact; 

Project  M^utor. 
Cutes: 


AF  33(616 >-o9l»l 
Chance  Vougfct  Aircraft,  Inc, 
V.  V,  Wood 
C.  V.  Dougi»t> 

February  I90O  -  July  1961 


Title:  ‘n.euretical  Formality 

Worn  on  beryillue  ha.-'  included  the  determination  oih- L 
radius  as  a  function  of  nelal  thickness,  temperature,  and  grain  orientation. 
Soae  work  has  also  been  carried  out  to  determine  the  mulmrn  depth  Of  joggling- 
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k6.  Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title: 

General  areas  of  Investigation  are  the  production  and  evaluation  of 
high- purity  berylliua,  flow  and  fracture  characteristics  of  berylliua  and 
production  and  evaluation  of  fine-grained  beryllium.  Past  work  has  included 
resistance  spot  welding  (RPI),  surface  defects  (Lockheed),  and  electron 
Microscopy  (Materials  Technology  Laboratories). 

Vf.  Subcontract*:  AF  33(6l6)-7065 

Franklin  Institute: 

Study  dislocations  in  beryllium  (flow  and  fracture). 

Lockheed: 

Study  of  ductile-to-brittle  transition  (flow  and  fracture).  Deter¬ 
mination  of  effects  of  texture,  exposition,  and  strain  rate  on  the 
properties  of  berylliun. 

Rational  Research  Corporation: 

Development  of  fine-grain  berylliun  powders. 

Mew  England  Material  1.  Laboratory: 

Preparation  of  and  evaluation  of  fine-grained  berylliun. 

Hucleer,  Metals,  Inc . : 

Development  of  methods  of  purifying  beryllium,  principally  by  dis¬ 
tillation.  Evaluation  of  berylliua  fabricated  from  die tilled  metal. 
Identification  of  the  elements  that  may  account  for  room- temperature 
brittleness  of  beryllium. 

Pedilney,  France: 

Study  of  recrystalllsutloe  and  grain  growth.  Determination  of  the 
role  of  BeO  (or  oxygen}  in  microstructures  and  proper! las  of 
oerylliu*.  Identification  of  l^uritles  and  methods  of  analysis 
such  as  electron  mi cr^-dlf fraction  techniques. 
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AF  33(6lo  )-7065 
Hucltnr  Metals,  Inc. 

October  1961  -  April  1963 
Berylliua  Research  and  Development 
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48.  Contract  Ho. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  33(616 )-710fl 

Rm  Brush  Beryllium  Co^any 
R.  8.  Truesdale 
T.  £.  Lippart 

April  i960  -  September  1961 


Title:  Investigation  c f  Processing  and  Fabrication  Techniques  for 

Promising  late metallic  Compounds  and  Kffecte  Upon  Thermal 
and  Mechanical  Properties 


This  program  is  for  studies  of  the  effects  of  processing  variables  upon 
the  thermal  and  mechanical  properties  of  promising  interns tal lie  cnapounds, 
also  studies  of  the  feasibility  of  fabricating  shapes  by  mechanical  working 
techniques.  Phase  I  consists  of  a  characterization  of  some  of  the  more 
promising  interne talllc  compounds  in  terns  of  the  properties  attainable  in 
shapes  larger  than  the  laboratory  specimens  evaluated  to  date.  Phase  II 
concerns  a  feasibility  study  wherein  the  extent  to  vnich  such  materials  can 
be  plastically  deformed,  by  various  states  of  stress  applied  by  forging, 
extrusion,  etc.,  will  be  determined.  Of  particular  interest  in  this  work  are 
the  beryllides  of  niobium  and  tantalum. 


49.  Contract  Ho. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


AF  33(6l6)-7319 
Southern  Research  Institute 
C.  D.  Pears 
H.  Mix  cub 

H»y  i960  -  November  1961 


Title: 


Thermo physical  Properties  of  Refractory  Material*  from 
2000  r  to  Their  Destruction  Temperatures 


The  contractor  will  develop  techniques  for  and  'measure  the  thermal 
expansion  and  total  normal  emlsslvlty  of  wfmi'tury  *  an£ 

ceramics  in  the  temperature  r*n&e  from  2000  F  to  their  melting  points. 
Further,  the  contractor  will  develop  techniques  for  and  determine  the 
viscosity  of  these  selected  materials  m  the  molten  state.  The  materials 
to  be  investigated  will  be  selected  from  the  following  acuup*  of  materials: 

!l)  oxide*  of  beryllium,  mgneslum,  Uwnun,  zirconium,  hafnium,  and  cerium; 
2)  carbides  of  hafnium,  tantalum,  zirconium,  niobium,  titanium,  tungsten, 
vanallum,  and  molybdenum:  (3)  r.ltrldes  of  hafnium,  boron,  titanium,  and 
Uinta.' urn,  (!)  borides  of  hafnium,  zirconium,  tungsten,  titanium,  and  thorium, 
and  (5)  tungsten,  molybdenum-0. >  titanium,  and  niobium-0.  ^  zirconium. 


>0.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


HF  33(olbK'3-‘> 

Battelle  Memorial  Institute 
K.  R.  iihober 


Title :  £ff«  vt  :  Nuclear  Irradiation  on  Structural  Msterlals 

huimary  of  the  effects  v r«.*t  irradiation  on  i^ls^Attural 

metals  and  alleys.  It  w»<,  rt.tel  mat  beryllium  it  embrittled  by  the 
react  l.a  welch  fV.  s»  holloa.  U.  beating  to  C,  helium  precipitates 

at  &r«tr  h.--.>n.Uries  to  c.utc  embrittlement  ami  possibly  permeability. 


CONFIDENTIAL 

$1.  Contract  Mo. 

Contractor: 

Contact: 

Project  Monitor: 

Oates: 

Title:  Fundamental  Study  of  Cases  in  Beryllium 

Hie  contractor  will  conduct  research  necessary  to  establish  the  relation¬ 
ship  between  the  metal  beryllium  and  the  elements  oxygen,  hydroGen,  and 
nitrogen  when  present  in  a  vide  range  of  concentrations  and  in  various-  com¬ 
binations.  The  rate  of  absorption  of  the  gases  at  various  pressures  and 
temperatures  by  the  metal  shall  be  determined  as  well  as  the  rate  of  diffusion 
throughout  the  material.  Ihe  form  in  which  each  metal-gas  combination  exists 

be  determined.  The  infoimatlon  derived  from  the  above  study  will  then  be 
used  to  determine  the  conditions  necessary  to  break  down  the  metal -gas  system. 

52.  Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Collection  of  Unpublished  Materials  Data  from 

Company-Sponsored  Pragmas 

The  objective  of  this  program  is  to  obtain  cosrolete  materials  research 
and  development  data  that  have  not  previously  been  published  and  thi.s  were  not 
readily  available  to  the  Air  Force  and  its  contractors.  Specifically,  the 
work  provides  for  the  collection,  compilation,  interpretation,  and  transmittal 
for  dissemination  oi  unpublished  nuterials  information  on  metallic*  and  non- 
sstxliici  used  m  or  Uin*  lu*'.-»Uga«.vu  for  puasioie  application  in  aircraft, 
aerospace  and  space  vehicles,  including  fabrication  and  corrosion  data. 

The  program  will  obtain  iniVnmitlon  on  refractory,  steel,  aluminum,  mtgnesiufl, 
nickel-base  and  beryllium  ..Hoys,  honeycomb  structures,  welding,  bra  sing, 
plastics,  seals,  fuels,  electrical  materials,  ceramics,  optics,  beat  transfer, 
and  organic  finishes. 

53.  Contract  Ko.  AF  33(ol«>)-6oii 

Contractor:  Electro-Optical  Systems,  Inc. 

Contact: 

Project  Monitor:  K.  L.  Koj.iIa,  A>hCMP-l 

Dstss:  January  tl,  lyol  -  February  26,  1962 

Title:  Investigation  of  the  Effect  of  Ultrarapid  Quenching  on 

MetaKie  Systems,  Inclxid  r<g  Beryllium  Alloys 

The  effect  of  ultrarspid  ovwnching,  a*  obtained  by  the  technique  recently 
described  fey  Dupex,  tfillrr.:.,  sod  Klcmrnt,  upo"!  the  phase  relationships  in 
selected  binary  systems  Including  rt  least  clx  beryllium-based  systems  si  All 
be  determined.  The  beryllium  cystemu  specified  are:  Be-Mi,  Re-k,  be— 0.  Be-Cu, 
and  be-2n.  CONFIDENTIAL 


AF  33(616 )-fiC09 

North  American  Aviation*  Inc. 

C.  Keller,  R.  L.  Schleicher 
F.  Close 

April  15,  1961  -  April  Ik,  1962 


A-15 

At  33(616  )-7665 
Nuclear  Metals,  Inc. 

J.  P.  Peasler 
D.  Touston 

June  1999  -  November  1961 


JU16 


».  «mNT'AL  AF  33(6lo)-8o66 

Contractor:  National  Beryllia  Corporation 

Contact:  — 

Project  Monitor:  Frank  J.  Ftechek 

Da  toe:  Jfarch  15,  19ol  -  Dtcutxr  1963 

Title:  New  and  Improved  Reinforcement*  for  Structural  Cnm>osit»s 

Re tear eh  will  be  conducted  to  obtain  and  fully  characterise  beryllium 
oxide  fibers  for  reinforce*.' nt  in  structural  co^oaitcs.  Two  routes  for 
obtaining  ■onocrystalline  filaments,  these  being  tbs  controlled  oxidation 
of  berylllun  netal  vapor*  ord  the  controlled  vaporisation  and  deposition 
of  berylllun  oxide  powder,  and  a  proceas  for  converting  continuoua  poly- 
crystalline  BeO  filaaents  into  high-strength  nonocrystolllne  or  quaei- 
■onocrys  toll  ins  fibers  by  a  sons  treating  technique  will  be  investigated. 

The  fibers  resulting  fro*  the  above  forming  methods  will  be  fully  characterised 
os  to  mechanical,  chemical,  and  physical  properties  in  both  the  ae-syntheslsed 
for*  and  in  structural  composite  materials. 


5$.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 

Title: 


AP  33(616  Ml60 

Texas  Nuclear  Corporation 

J.  A.  McCrary 

Charles  D.  Houston,  ASRCPA-1 
April  15*  1961  -  April  14,  1963 

Activation  Analysis  of  High- Purity  Beryllium 


The  various  activation  techniques  used  in  quantitative  analysis  of  metals 
will  be  thoroughly  investigated  end  the  aoet  promising  technique  will  be 
selected  end  applied  to  the  analysis  of  beryllium  metal.  A  theoretical  study 
will  be  mods  to  determine  the  sensitivity  that  can  be  expected  end  the  effect 
that  can  be  expected  by  casbinatiuoa  of  elements.  Various  types  of  equipment 
will  be  investigates  to  determine  the  combination  that  can  be  expected  to 
provide  the  dealred  results.  A  research  and  development  program  will  then  be 
initiated  to  develop  end  apply  the  technique  to  the  emsdyele  of  ultrepure  Be. 


56.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AP  33(616  )-6364 
Khtyl  Corporation 

June  1961  -  March  1962 


Title: 


57.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


Rcoc  ixch  on  Light-Melal-Cotiininiag  Hlgb-inergy  fuels 
and  Complex  High-Energy  Qxldlsers 

AF  13(o57)-71‘>i  (replace*  AF  ^(6l6>-7050) 

Aeronce  Manufacturing  Company 

C.  Tobin,  ASHOTF 

July  1961  -  December  1962 


Title: 


Insulated  Sheet  Beryllium- Ceramic  C«*6Q« I A  L 


Develop  and  manufacture  reinforced  ceramic  heat  aoields  combined  with 
honeycomb  panel  loud-be.cri:.,-  structure. 
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$6.  Contract  Mo.: 
Contractor: 
Contact; 

Project  Monitor: 
Dates: 


AP  33(657)-72‘*8 

Ccnural  Dynamicc/Fort  Worth 

C.  Rogers 

D.  A.  Shinn 
November  It,  1961  - 


Title: 


Compilation  of  Unpublished  Materials  Information 


the  principal  objective  la  to  supply  Information  on  unpublished 
Materials  research  and  development  programs.  One  report  deacribea  work  on 
the  developnent  of  brazed  berylllua  sandwich  construction. 


59.  Contract  Mo. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


AF  33(657 )-776 3 

United  Aircraft  Corp.,  Haallton~Standard  Division 

R.  2.  Boveun,  ASRCKP-2 
January  l,  1962  -  January  1,  1963 


Title: 


Electron-beam  Welding 


Optlaua  high- voltage  electron-beam  welding  techniques  will  be  developed 
for  Joining  molybdenum  to  tungsten,  D6uc  steel  to  Itself,  and  B-120VCA  titaxU.ua 
to  itself.  A  preliminary  investigation  of  high-voltage  electron-beam  welding 
of  berylllua  Is  included.  The  mechanical  properties  of  the  welds  made  with 
the  optimum  procedures  will  be  evaluated. 


60.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


AF  33(o57  )-W 

Mldwtst  Research  Institute 

Dr.  K.  C.  Rack,  ASBKPT 
January  19o2  -  I>  "caber  19«2 


nut: 


Comparative  Toxicity  of  tery Ilium  Compounds 


To  detersUna  the  ucute  toxicity  of  tingle  doses  or  Bafj,  BeH^,  BeClj,  and 
BeQf.  Animals  will  be  exposed  to  beryllium  co^ounds  ar4  working  areas  monitored 
for  concentrations  cl  beryllium  compound.. 


6l.  Contract  Mo. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


Project  7351.  Task  7351.’  (9F) 
In  i^use 

A.  E.  heisen,  R.  T.  Ault 
Cample ted 


Title: 


Mechanical  Properties  i_f  Beryllium 


Mechanical  properties  of  twv  lota  of  bcryliium  »atre  determined.  One  l  ■>*. 
wet  hot  pressed  with  a  i«.-0  c-ntent  it  and  tre  other  lot  w. »  hot  pressed 

and  extruued  and  contain.!  .Vo.  The  hot  preit«d-hot  extruded  material 

wa*  uniformly  atr\.rv;-  r •  >  run  a  desl  j<  standpoint,  be ^  tiOONM 
hiblted  their  best  beiu. . i  r  uul  higher  strength  under  fatigue  loading  conditions, 
and  appear  tc  be  weaker*.  under  static  loading  conditions. 
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62.  Contract  Mo. 

Contractor: 

Contact: 

Project  Monitor: 

Date*: 

Title:  Development  and  Testing  of  Beryllium-Containing  Propellant* 

63 •  Contract  Bo.  Hot  yet  assigned  (IBAF) 

Contractor:  Atlantic  Research  Corporation 

Contact:  — • 

Project  Monitor:  — 

Dates:  Mot  yet  started 

Title:  Production  of  XM-85  Motors 

6k.  Contract  Ho. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Development  of  Beryllium-Containing  Propellants 

63.  Contract  Ho. 

Contractor: 

Contact: 

Project  Monitor: 

Date-j: 

Title:  The  Electrolytic  Polarisation  of  Beryllium 

Anodic  and  cathodic  polarisation  behavior  of  beryllium  was  evalimted 
in  a  number  of  unstirred  aqueous  solutions.  HaCrOV  was  an  effective 
cathodic  polarlaer  over  a  broad  range  of  curreatdenaltlee .  Activation 
and  attack  occurred  in  the  presence  of  Cl”,  C10j“,  f”,  rad  30^ 

66.  Contract  Mo.  In  House 

Contractor:  North  American  Aviation,  lac.,  Rochetdym*  Division 

Contact:  Charles  Uerty 

Project  Monitor:  — 

Dates:  — 

Title'  Development  of  Kigh-Laergy  Bet y Ilium- Containing  Prcpallmnta 

In  Bouse 

Thiokcl  Chemical  Company 
Krnta  Sut  ton 

CONFIDENTIAL 

Development  of  Beryll  ims-Ooetainl^  Pro  pa  Hants 


67-  Contract  Mo. 
Contractor. 

I’wtr?  : 

Project  Monitor: 
Dates: 


Lockheed  Missile  mad  Space  Casgmny 
D.  J.  Levy 


In  House 

Hercules  Powder  Company 
J.  M.  Mi  in 


Not  given;  In  House 
Aerojet-General  Corporation 
D.  0.  Martin  Shookoff 


Title: 
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Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 

Title: 


DA  Project  No.  5-93-3^-001 
Watertown  Arsenal  Laboratory 
Dr.  Kenneth  Tauer 
0.  A.  Darcy,  Jr. 


Thermal  and  Electrical  Conductivity  of  Irradiated  Beryllium 
and  Transition  Metals 


To  determine  the  effect  of  neutron  irradiation  on  aetals  (beryllium  and 
transition  metals). 


69.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 

11 tie: 


DA  Project  No.  551-02-004  (TB>5) 
University  of  Chicago 
C.  C.  J.  R 00 than  and  B.  J.  Rancil 
Dr.  H.  Robl 


Advanced1.  Energy  Transformation  Systems 


Efforts  will  be  directed  to  quantum-mechanical  calculation  of  the  energies 
and  other  properties  of  certain  diatomic  molecules  in  their  ground  states  and 
excited  states,  to  provide  a  basis  for  the  determination  of  the  thermodynamic, 
transport,  and  kinetic  properties  of  these  molecules.  Calculations  will  be 
undertaken  on  the  diatomic  oxides,  halides,  and  hydrides  of  the  light  metnls, 
particularly  LlF,  BeO,  BN,  BeH,  and  L1H. 


Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 

Title: 


DA  Project  No.  599-01-004  (TB2-00Q1) 

University  of  California 

James  R.  Arnold 

Dr.  H.  Robl 

Terminated  June  I96I 

Exploratory  Basic  Research 


To  Investigate  problems  In  geochemistry  using  radioactive  tracer  tech¬ 
niques.  Studies  will  be  made  on  Be10  and  beryllium  geochemistry,  trace  elements  in 
the  ocean,  new  natural  rudloactlvities  (c.g.,  >fc53)  natural  radioactivities  in 
meteorites,  and  new  chemical  and  instrumental  methods.  Efforts  will  be  made 
to  develop  the  Bo10  dating  method  and  to  explore  the  possibility  of  obtaining 
approximate  dates  using  the  most  plausible  geochemical  model.  It  appears  pos¬ 
sible  to  measure  cosmic  ray  intensity  variations  averaged  over  a  period  of  one 
billion  years  to  10  to  20f>. 
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71.  Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Advanced  Solid  Properties  Ceraalc  Nozzle  Evaluation 

Procran 

Standardized  tests  were  node  to  evaluate  on  a  relative  basis  a  variety 
of  rocket  nozzle  throat  insert  and  expansion  cooe  Kate rials.  The  materials 
vere  tested  for  approciaately  9  seconds  with  a  high-energy,  alualnized,  solid 
propellant  having  a  calculated  flaae  temperature  of  66 50  \  and  burning  at  a 
charier  pressure  of  700  to  900  psi.  Nozzle  throat  insert  Materials  tested 
included  graphite  having  a  density  range  of  I.63  to  2.00  g-ca“3,  aalybdeew, 
tungsten-al vainua  oxide  cemet,  tungsten-berylllun  oxide  cernet,  fused  silica, 
end  sill con-nitride- bonded  silicon  carbide. 

72.  Contract  No.  DA-19-Q20-GRD-4fi29 

Contractor:  Arthur  D.  Little  Inc. 

Contact:  — 

Project  Monitor:  Alfred  Buchler 

Dates:  February  26,  1959  -  February  25,  19& 

Title:  Higb-TSeperature  Thermodynamics  of  Llgbt-Metal  Compounds 

A  study  will  be  nede  of  the  hlgh-t  eegiirature  vapor- phase  tbenodynaadee 
of  netal-oxygen-hydrogen  systexs,  the  nature  of  the  vapor  ays  teas  present, 
their  beats  of  formation,  and  Uu*ir  equilibria.  In  particular,  the  research 
vlll  include  such  studies  on  licit  aetals  such  »«  Tt,  V,  ?,  end  Al. 


DA-O1-021-ORD-5135  and  DA-01-C21-ORD-11676 
Roha  &  Haas  Conpany 
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Research  Cunnortv.-, 


73-  Contract  No.  NOr4-15>3o,  -16842,  -17879,  -18759,  uad  -l8m 

Contractor:  Atlantic  Research  Corporation 

Contact:  J.  II.  Grover,  J.  H.  Wilson,  K.  X.  Rumbel,  M.  L.  Rice, 

P.  S.  Shane,  and  A.  Sloan 

Project  Monitor:  — 

Dates:  — 

Title:  Research  and  Development  Programs  In  Fields  of  Solid 

Propellants  and  Interior  Ballistics 

'The  major  phases  arc  (a)  propellant  research  and  development,  (b)  inert 
materials  for  rocket  motors,  (c)  rocket  engineering  and  development,  and 
(d)  engineering  consulting  services. 

74.  Contract  No.  K0rd-l6540 

Contractor:  Allegany  Ballistics  Laboratory 

Contact:  Dr.  R.  Steinberger 

Project  Monitor:  S.  J.  Hateaky 

Dates: 

Title:  Development  and  Evaluation  of  High-Temperature  Materials 

for  Rockets 

Materials  are  being  evaluated  for  chamber  insulation,  jetavators,  and 
nozzle  inserts.  Also  for  Polaris  Second-Stage  Program.  Advanced  Propellant 
Systems:  calculations  were  made  of  theoretical  Isp  obtainable  by  using 
lithium,  boron,  or  beryllium  in  both  hybrid  rockets  and  in  double-base 
propellants . 

75.  Contract  No.  K0rd-l8039 

Contractor:  National  Beryllla  Corporation 

Contact:  Eugene  Ryshkovltch 

Project  Monitor:  — 

Dates:  Completed 

Title:  Development  of  Tungsten-Beryllium  Oxide  Rocket  Nozzles 

76.  Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Advanced  Solid  Propellants 


NOrd-18688 

Minnesota  Mining  and  Manufacturing  Corporation 
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fll.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 

Dates: 


A-23 


J»w-62-0592-c 

National  Beryllia  Corporation 


Title: 


fabrication  o f  Berylliun  Oxide  Ceram  c  KTparleental  Radon** 


62.  Contract  Mo. 
Contractor: 
Contact: 

Project  Monitor: 

Oates: 


H8MA  02-056/212 

Naval  Ordnance  Laboratory 

P.  V.  trickaon 


Title: 


Ber/lliun  Wire  Wound  Coapoeltes 


Objective  la  to  develop  and  study  the  properties  of  composites  ceploylof 
hl(h-strea(tfc  berylliun  wire  and  epoxy  resin*,  evaluations  of  properties 
will  be  aade  by  MOL  ring  teat  conaonly  employed  to  teat  (las*- fi bar- resin 
conpoaitea.  Applications  are  not  yet  identified. 
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83.  Contract  Bo.  AB-ll-l-CSK-8 

Contractor:  North  American  Aviation,  Inc.,  Atonies  International  Division 

Contact:  — 

Project  Monitor:  — 

Dated;  — 

Title:  Corrosion  and  Activity  Transfer  in  the  SRE  Prtaary 

Sodium  System 

Testing  of  stainless  steel,  zirconium,  and  beryllium  exposed  in  the 
hot  and  cold  legs  of  a  bypace  loop  (sodium)  is  in  progress.  Ho  mention  of 
beryllium  test  sample  results. 

84.  Contract  Ho.  ATV-ll-l-dl-8 

Contractor:  North  American  Aviation,  Inc.,  Atomics  International  Division 

Contact:  J.  D.  McClelland 

Project  Monitor:  — 

Date*:  — 

Title:  Kinetics  of  Hot  Pressing 

The  effect  of  temperature  and  pressure  on  the  rate  of  beryllia  powder 
compacts  was  obtained  experimentally.  The  pressures  ranged  from  1000  to 
2000  psi,  the  temperatures  from  1200  to  1700  C,  and  the  time  from  15  to 
240  min.  The  diffusion  of  Be  in  BeO  was  measured  as  a  function  of  tempera¬ 
ture. 

85.  Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Corrosion  of  Nuclear  Metals 

It  is  the  purpose  of  this  study  to  determine  the  basic  reactions  of 
dissolution,  the  rates  of  dissolution,  the  effect  of  added  salts,  and  the 
extent  of  polarisation,  all  as  related  to  the  behavior  of  metals  (Hf,  Zr, 

Tl,  Be,  U,  Th),  their  oxides  'and  nitrides  in  hydrofluoric  and  other  in¬ 
organic  acids. 


AT-u-l-73 

University  of  Missouri 

M.  E.  Struumnls  and  W.  J.  James 
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Contract  Ho. 

Contractor: 

Contact: 

Project  Monitor: 
Cates:  * 


AT- 30-1-1565 

Nuclear  Metuls,  Inc. 

A.  R.  Kaufman 

July  1,  I960  -  June  30,  1961 


Title:  Fundamental  and  Applied  Research  and  Development  la  Metallurgy: 

Stability  of  the  Hi <jh-Te^>erature  Beta  Phase  in  Berylliua 
and  Berylliua  Alloys 


Studies  of  this  high- temperature  phase  were  lower  on  differential  thermal 
analysis  as  applied  to  alloys  of  Be  with  Ba,  Ce,  Co,  Cu,  La,  Mh,  Pt,  Ag, 

Hi-Co,  Hi-F«f,  Xl-Cu,  Xi-Co-Fe,  and.  Xi-Co-Mi.  Berylliua  regions  In  the  Be-Co 
and  Be-Cu  systems  were  veil  established. 


Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 


AT- 30-1-1565 
Nuclear  Metals.  Inc. 

R.  X.  Randall,  D.  M.  Davies,  J.  M.  Slerglej,  and 
P.  Loevensteln 

Completed 


Title: 


Fundamental  and  Applied  Research  and  Development  in  Metallurgy: 
Extrusion  by  Hydrostatic  Pressure 


Conducted  experimental  work  on  the  extrusion  of  metals  by  use  of  a  fluid 
under  hydrostatic  pressure.  Experimental  extrusions  were  made  from  a  container  in 
which  the  billets  were  surrounded  by  a  fluid  under  hydrostatic  pressure.  Copper, 
aluminum,  mild  steel,  yttrium,  and  berylliua  billets  were  extruded  at  room 
temperature  at  various  reductions.  Attempts  to  extrude  at  <KX)  F  from  a  con¬ 
tainer  filled  wit.h  liquid,  lead  were  unsuccessful  because  of  the  failure  of  the 
containers  at  pressures  greater  than  100,000  pel.  The  pressures  required 
for  extrusion  of  copper  and  aluminum  were  approximately  tide  seme  as  were 
required  for  extrusion  by  conventional  means. 


Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 
Dates: 


AT-3O-I-I565 
Nuclear  Metals,  Inc. 


Current 


Titlo: 


Beryllium  Purification  and  Deformation  Studies 


Primary  emphasis  is  on  getting  distill  d  metal  into  rod  form  which  la 
then  Lone  refined  as  a  purification  techniq.  This  program  differs  from  tha 
Air  Force  program  in  the  manner  of  testing  pioducts. 
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89.  Contract  Bo. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Tit.le: 

90.  Contract  No. 

Contractor: 

Contact : 

Project  Monitor: 

Dates: 

Title:  Gas  Cooled  Reactor  Project 

Production  of  helically  finned  beryllium  tubing  by  extrusion,  isostatic 
pressing  an!  Dyrapuk  forming  is  described.  Program  was  not  completed  due  to 
de-emphasis  of  reactor  svs 

91.  Contract  No.  AF-j6-l-20G 

Contractor:  Sylvania  Electric  Products,  Inc. 

Contact:  I.  Steinhartz 

Project  Monitor:  — 

Dates:  Completed 

Title:  Tlie  Fabrication  of  Beryllium  by  Hot  Iso3tatie  Pressing 

and  by  Impact  Extrusion 

The  feasibility  of  producing  finned  beryllium  tubing  by  the  hot  isostatic 
pressing  method  wus  demon.,  rated  Only  a  minimum  of  machining  was  required 
on  tne  pressed  shape.  Dyiup-ic  extrusion  of  hot  and  cold  pressed  beryllium 
billets  is  also  described.  Mechanical  properties  were  dependent  on  the 
extrusion  temperature  and  impact  density. 

92.  Contract  No.  AT-40-1-2912 

Contractor:  The  Blush  Beryllium  Coujxiny 

Contact:  W.  V'.  Beaver 

Project  Monitor: 

Dates:  August  lyui 

Title:  Fabrication  of  Finned  Beryllium  Tubing  by  Warm  Extrusion 

and  Drawing 

Program  was  initiated  to  fabricate  tubing  for  the  Florida  Gas-Cooled 
Reactor. 


;;ON‘  iPFNTiAl 


High- Temperature  Intermctallics 
AT-33-1-200 

General  Nuclear  Engineering  Corporation 


AT-3'3-3-20 

The  Brush  Beryllium  Company 
W.  W.  Beaver 
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•  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


A1S-4  5-I-1350 

General  Electric  Company 
J.  Cad  veil 


Title: 


A  Zr-2-5  v/o  Be  brazing  alloy  has  been  evaluated  for  use  in  Joining 
Zr-2  to  uranium  as  applied  to  the  NPR.  Also  at  Hanford  magnetic  force 
welding  of  beryllium  end  closures  (tubes)  has  demonstrated  promising 
results.  Both  developments  are  port  of  a  major  general  contract. 

Contract  No. 

Contractor: 

Contact: 

Project  Monitor: 

Dates: 

Title:  Gas-Cooled  Reactor  Program 

Hie  reaction  of  Be  with  VC  was  investigated  us  a  part  of  the  QRNL  long- 
range  applied  metallurgy  effort.  At  1000  C  extensive  reaction  was  noted. 
Compatibility  of  beryllium  and  with  vet  COp  is  being  Investigated  to 
resolve  the  unpredictable  nature  of  beryllium  corrosion.  Hie  inspection  of 
finned  beryllium  tubing  and  mechanical  properties  of  tubing  up  to  700  C  are 
also  being  studied.  In-pile  stress  rupture  evaluations  are  also  included. 
Welding  by  tungsten  arc  and  electron  beam  as  applied  to  beryllium  fuel 
assemblies  is  also  in  progress. 


W-7405-eng-26 
Union  Carbide  Company 


Contract  No.  W-7405-eng-26 

Contractor;  Oak  Ridge  National  Laboratory 

Contact:  — 

Project  Monitor :  D.  A.  Douglas 

Dates:  July  1,  1959  - 

Title:  Testing  of  Beryllium  In  Pile 

To  study  the  effects  of  Irradiation  on  the  structure  and  strength  of 
beryllium. 

Contract  Ho •  W— 7405-eng-2o 

Contractor:  Oak  Ridge  National  Laboratory 

Contact: 

Project  Monitor:  D.  A.  Douglas 

Dates:  July  1,  1959  - 

Title:  Multiuxiol  Creep  Studies  of  Beryllium  Tubing 

To  determine  the  effect  of  oult<  axial  stresses  ^^MMfMEMVSlimtaatioa 
on  the  creep  end  fracture  of  beryllium*  *" 
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97-  Contract  No.  u-7405-oii^-^ 

Contractor:  University  of  California 

Contact:  — 

Project  Monitor:  — 

Dates:  _ 
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Title: 

96.  Contract  No. 
Contractor: 
Contact: 

Project  >Sonitor: 
Dates: 

Title: 


Thermal  Sponsion  of  lii^-Tcmpcrature  Materials 

U-7405-c:ij-92  ('..,-74c>ea'l-2o  Subaccount  No.  2029) 
n-t telle  I-^corlal  Institute 
E.  S.  Hodge 


Preli:Jjuu  y  Studies  of  Bonding  Beryllium  Clad  U0o  Fuel 
Elc.tents  2 


Solid-st.tc  bonding  parameters,  surface  preparation  methods,  and  com¬ 
patibility  cf  beryllium  with  UOp  were  investigated.  Grit  blasting  and  abraded 
surfaces  yielded  surface  recrystolli ration  during  bonding  at  1550  to  1650  F 
at  10,000  psi.  Chromium  and  pyrolytic  carbon  coatings  for  U0-  wor#>  found 
most  effective  in  preventing  reaction. 

99.  Contract  No.  In  House 

Contractor:  Ud  AEG 

Contact:  — 

Project  Monitor:  — 

Dates :  — 


Title: 


Welding  and  Brazing  of  Beryllium 


Develop  closures  for  tubular  fuel  elements.  Investigations  of  fusion 
welding,  and  development  of  brazing  alloys,  have  been  initiated. 

100.  Contract  No. 

Contractor:  North  American  Aviation,  Inc.,  Atomics  International  Division 

contact:  Dave  Slnlzer 

Project  Monitor: 

Dates:  — 

Title:  _ 


As  a  part  of  the  SNAP  program,  bciylllun  i.  being  used  In  a  reflector 
control  mechanism. 


101.  Contract  No. 
Contractor: 
Contact : 

Project  Monitor: 
Date.'. : 

Title: 


University  of  California,  Livermore 
H.  0.  .  ampbell 


...  in  Mgh-explosiv..  uscasblies  U  vaporized,  oxidized,  ,md 

detonation.  **  U  resale  Of  dispersal  by  wind  and  sir  currents, 
the  le null,  mg  Uiyllium  la  eoniln.-d  within  u  few  hundred  feet  of  the  firing  point. 
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Contract  No. 

JH.  950227  J 

Contractor: 

Atlantic  Rcse^h  Corporation 

Contact: 

—  ^ 

Project  Monitor: 

John  F.  Nov*  jo 

Dates: 

Kirch  1902  - 

Title: 

Irogrua  on  Combustion  Efficiency 

Contract  No. 

JPL  950097 

Contractor: 

Atlantic  Research  Corporation 

Contact: 

T.  O’Donnell 

Project  Monitor: 

John  f.  Newton 

Dates: 

August  1961  -  June  1962 

Title: 

Spherical  Higa-Energy  Solid-Propellant  Rocket  Motor 

Working  on  17-inch  spherical  actors  with  design  studies  for  larger 
spherical  actors. 


lOt.  Contract  No. 
Contractor: 
Contact: 

Project  Monitor: 
Dates: 


NAS  8-1^47 

Amour  Research  Foundation 
R.  F.  Havell 
Y.  Baskin 


Title: 


Electric  Insulators  for  Very  High  Temperatures 
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CONFIDENTIAL 

UTILIZATION  OF  BERYLLIUM  IS  CHEMICAL  PROPULSION  SYSTEMS  (C) 
M.T.  Lyons 

Solid  Propellant  Information  Agency 
The  Johns  Hopkins  URiveriity 
Applied  Physics  Laboratory 
Silver  Spring,  Maryland 


i.  inteoductiow 

The  following  analysis  is  narrow  in  that  it  compares  beryllium 
with  the  contampcrary  propellants  which  contain  aluminum,  and  does  not  consider 
alternative,  advanced  propellant  ingredients.  This  approach  is  felt  to  be 
justified,  however,  because  of  the  advanced  stage  of  development  of  beryllium 
propellants  relative  to  comparable  high  energy  systems.  These  competitive 
formulations  suffer  from  one  or  more  of  the  following  defects:  incompetabillty 
of  Ingredients,  thermal  instability,  inadequate  physical  structure,  burning 
rates  lnc<Mpatible  with  present  grain  design,  chemical  sensitivity  to  the 
atmosphere,  and  susceptibility  to  explosion  oi  detonation.  Beryllium  propel¬ 
lants  are  no  more  deficient  in  these  respects  than  conventional  ammonium  per¬ 
chlorate-binder-aluminum  propellants,  and  are  therefore  several  years  ahead 
of  competitive  and  superior  performance  solid  systems. 

II.  BACKGROUND 


The  current  solid  propellants  employed  In  high  performance  missile 
systems  consist  of  40X  to  75X  ammonium  perchlcrata,  151  to  211  aluminum,  and, 
either  an  "inert"  rubber  binder  or  a  nitrocellulose-based,  high  energy  colloidal 
binder.  These  systems  have  densities  of  0.062  to  0.065  lb/ln  ,  and  delivered 
specific  Impulse  values  between  245  to  248  lfcf-sec/lbm  st  standard  conditions 
(1000  psl  chamber  prutur*,  expcr.sicn  to  14.7  psi). 

On  a  theoretical  basis,  beryllium  has  been  known  for  many  yaars 
to  be  preferable  to  aluminum  as  a  propellant  Ingredient  in  certain  applications, 
but  It  has  only  been  In  the  last  two  years  Chat  confirmatory  experiments  have 
been  peiioraned  at  Atlantic  Research  Corporation  and  Aero )et -General  Corporation. 
Specific  impulse  values  as  high  as  255  lbf^sec/lbm  have  been  obtained  for 
formulations  with  densities  of  0.059/lb/in  .  This  margin  of  superiority  of 
beryllium  propellants  Increases  at  nlgher  altitudes. 

II.  LIMITS  Or  APPLICATION 


The  following  thiec  factors  have  played  a  significant  role  in 
limiting  the  applications  of  Eery 11 lorn-containing  solid  propellants,  toxicity, 

cost,  snd  denrity.  _ _ 

“DOWNGRADED  AT  3  YEAR  INTER¬ 
VALS;  DECLASSIFIED  AFTER 
12  YEARS. 

IX'D  DIR  5200.  10 


-  79  - 


CONFIDENTIAL  Apppipy  uu9ssiiss^l 

A.  Toxicity.  Beryllium  anu  beryllium  oxide  toxicity  have 
severely  curtailed  the  Interest  of  both  the  Amy  end  Navy  in  the  uae  of  theae 
propellants.  The  p radon Inant  mission*  of  both  Services  entail  the  field 
handling  of  the  motors,  and  present  sane  threat  of  exposure  of  personnel  to 
the  rocket  exhaust.  NASA  and  the  Air  Force,  bovever,  have  nany  space  and  high 
altitude  missions,  for  which  bexylllun  motor  upper  stages  could  be  employed. 
Nevertheless,  there  are  toxicity  problems  associated  with  the  development  and 
production  of  beryl llum -containing  motors,  and  there  la  the  ever  present 
chance  that  a  booster  abort  would  result  in  the  destruction  of  the  upper  stages, 
spreading  high  concentrations  of  beryllium  and  beryllium  oxide  over  a  populated 
area.  In  the  case  of  the  Air  Force,  the  Office  of  the  Surgeon  General  has  had 

a  strong  tempering  influence  on  the  enthusiasm  for  beryllium  propellants. 

B.  Density.  Aside  from  toxicity  considerations,  the  low  density 
of  beryllium  propellants  precludes  their  use  in  large  solid  propellant  booster 
motors.  Propellants  containing  aluminum  are  unequivocally  superior  for  this 
application.  However,  the  significance  of  propellant  density  diminishes 
rapidly  with  successive  stages  of  the  missile,  and  beryllium  generally  haa  a 
performance  advantage  over  aluminum  in  the  second  and  later  stages. 

C.  Cost.  The  cost  of  the  finely-ground  beryllium  (17  micron  or 
less  particle  site)  presently  used  in  propellants  is  $55  to  $80/lb.  The  cost 
of  the  ingredients  for  a  conventional  solid  propellant  is  $0. 60/lb.  There  Is 
no  difference  In  the  processing  technique  for  the  two  types  of  propellant, 
but  there  would  be  additional  costs  associated  with  the  toxicity  hasards 
controls  that  would  be  required  in  the  beryllium  process.  In  many  military 
missions,  the  site  of  the  missile  is  fixed  by  previously  stipulated  storage 
and  handling  requirements  (e.g.,  Minutemen  silos,  Polaris  submarine-launching 
tubes),  and  any  pcrforswnce  Improvements  must  be  made  by  tailoring  o;  hardware 
weight  and/or  upgrading  of  propellant  performance.  Thus  the  cost  of  a  beryl limn 
propellant  might  be  justified  in  many  instances.  NASA  does  not,  of  course, 
have  cbe  same  incentives  for  using  beryllium,  but  there  will  certainly  be  times 
when  NASA  personnel  will  flud  it  less  expensive  to  load  existing  hardwire 

with  beryllium-containing  propellant  than  it  vculd  be  to  design  and  produce  a 
larger  motor  to  perform  the  same  mission. 

IV.  PRESENT  APPLICATIONS 


A.  Atlantic  Resuaich  Corporation  -  The  Atlantic  Research  Corpora¬ 
tion  presently  haa  a  contract  iron  Jet  Propulsion  Laboratory  for  the  develop¬ 
ment  of  a  17"  spherical  motor,  and  the  loading  of  between  20  to  JO  of  these 
motors  with  beryllium  propellant.  This  contract  also  requires  the  design  of  a 
36"  spherical  motor,  but  the  decision  to  product  and  load  this  motor  with 
beryllium-containing  propellant  pends  the  outcome  of  the  1?"  motor  studies. 

Each  36"  spherical  motor  would  require  180  lbs.  of  bervlliua. 

Ir.  addition  to  the  17"  motor  leadings,  Atlantic  Raaearch  has 
contracted  to  load  a  miscellaneous  series  of  motors  for  Naval  Ordnance  Teat 
Station  with  beryllium  propellant.  The  estimated  beryllium  requlreswint  for 
these  two  programs  Is  1200  lbs.  over  'he  next  year.  CONFiPF 
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B.  Aaroiat-Cansral  Corporation.  Aarojtt  presently  has  a  contract 
with  Edwards  Atr  Pores  Baas  for  the  production  of  three  Motors  containing  520  lbs. 
of  beryllium-containing  propellant  each.  This  aotor  la  designed  as  a  substitute 
for  the  fourth  stage  of  the  present  Scout  vehicle,  but  the  three  motors  are  to 
be  static  tested  rather  than  flight  fired.  This  program  will  require  approxi¬ 
mately  350  lbs.  of  beryllium. 

Besides  the  aforementioned  formal  programs,  it  is  certain  that  all 
solid  propellant  manufacturers  are  evaluating  or  will  be  evaluating  beryllium 
in  their  propellant  formulations  on  s  proprietary  basis.  In  addition, 
studies  arc  presently  being  made  of  the  ignition  and  combustion  mechanism  of 
beryllium  and  its  alloys  with  metals  such  as  slrconlum  and  aluminum.  These 
studies  are  directed  coward  the  Improvement  of  beryllium  combustion  efficiency. 

V.  rUTURB  C0MSIMBATI0WS 

Performance  calculations  have  been  made  for  beryllium-containing 
propellants  in  both  the  Polaris  and  Minutemas  systems.  Since  the  Polaria  A3 
propellants  have  already  been  selected,  the  chances  of  beryl lims  being  used 
in  this  missile  are  negligible  in  the  foreseeable  future.  If  beryllium  were 
substituted  for  aluminum  in  the  second  stage  of  the  Polaris  A3,  a  range 
improvement  of  81  would  be  achieved,  bach  second  stege  Polaris  motor  would 
raquira  approximately  1,100  lbs.  of  beryllium. 

In  Che  ceae  of  the  Minutemen,  e  Wing  II  advanced  version  is 
presently  under  consideration.  By  employing  beryllium  propellant  in  ihird  stage 
only  <540  lba.  of  Ba/motor)  an  incraaae  In  range  of  151  can  be  achieved. 

Current  Indications  ara  that  beryllium  sill  not  be  ueed  In  Wing  II  Minutemen. 

A  far  more  tenuous  end  embryonic  conception  is  the  application  of 
beryllium  to  liquid  propulsion  oyatama.  Tho  hichest  performance  rhwntmt 
system  that  Is  operational  is  the  Mj-O]  system  which  yields  390  lbf-sec/lba 
at  a  chamber  pressure  of  1000  psl  with  expansion  to  14.7  pal.  Under  comparable 
conditions,  the  Be-Os-Mj  system  gives  a  value  of  458  lbf-sec/lba.  This  i*  the 
highest  specific  impulse  chemical  propulsion  system  that  can  be  conceived  on  a 
theoretical  basis,  with  only  the  (410  lbf-nec/lbm)  end  Hj-Fj-Li 

(437  lbf-sec/lb«J  systems  as  competitors.  However,  the  developmental  problems 
associated  with  the  system  are  formidable,  and  e  conservative  estimate  of  10 
yeara  will  be  required  to  prove  the  feasibility  of  this  concept.  Atlantic 
Research  and  Aerojet-Oenerai  presently  have  contracts  to  study  the  '-oa^ustlon 
efficiency  of  slurried  metals  with  liquid  oxygen.  Additional  ptobleas  that 
must  be  surmounted  Include  the  pumping  and  injection  of  metal  slurries,  and 
high  temperature  motor  component  development . 

A  serious  development  effort  is  prcsintly  underway  to  evaluate 
the  hybrid  propulsion  concept.  Conventionally,  this  system  consists  of  a  liquid 
i  oxidizer  coupled  with  a  solid  fuel  grain,  if  tins  system  is  proved  desirable, 

beryllium  la  one  of  the  logical  candidate*  a*  the  tucl  element.  The  advantages 
and  disadvantages  cited  previously  for  beryl in  solid  propellants  ai c 
equally  applicable  to  beryllium  hybrid  formulation*. 
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Bsrylliun  has  also  bstn  co**  'dared  u  an  Ingredient  tn  systems 
v<th  fluorine  ee  the  oxidizing  el  ex  ant  .  \er  then  oxygen.  Recent  thsrmo- 
chemical  date  lndicatea  that  boron  and  lithium  are  superior  fusis  for  :  Uese 
applications. 


Studies  ere  also  being  made  of  the  synthesis  and  properties  of 
beryllium  hydride.  Present  Indications  are  that  due  to  low  density,  beryllium 
hydride  is  not  competitive  as  a  propellant  ingredient. 

VI.  SUHN4RT 


The  substitution  of  berylll'jm  foi  alualnua  in  present-day  propel¬ 
lant  systems  offers  definite  perfonsar.ee  advantages  with  minimum  changes  in 
propellant  processing,  stability,  and  burning  characteristics.  These  attrac¬ 
tive  f setures  are  mitigated  and  circumscribed  by  the  disadvantages  of  toxicity, 
density,  aod  cost.  The  early  state  of  development  of  beryllium  propellants 
precludes  a  quantitative  assessment  of  their  future  utilization.  It  is  cer¬ 
tain,  however,  that  beryllium  will  be  given  serious  consideration  for  all  pro¬ 
grams  that  entail  the  development  of  high  altitude  solid  motors. 

Looking  further  Into  the  future,  preliminary  consideration  is 
being  given  to  use  slurried  beryllium  powder  in  propulsion  systems  with  liquid 
hydrogen  end  oxygen  as  componanta. 
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THE  USE  or  BUYLLIUH  IN  BADUT0R3  FOB 
SPACE  POKE*  SYSTSMS 
By 

Jama*  H.  Diedrlch 

Raaaarch  Engineer ,  flow  Ftocmiu  Branch 
NASA  Levis  Aaaaarch  Center 

nmooucnon 

The  baaic  purpose  of  chia  dlacuaalon  la  to  aat  forth  NASA'a  lntaraat  la  the 
uaa  of  beryllium  In  radiators  for  epee*  power  systaae.  In  order  to  establish  a 
uniform  frame  of  reference,  the  basic  radiator  problem  will  first  be  defined. 

The  specific  areas  ot  application  for  beryllium  will  than  be  indicated  and  finally, 
the  reultlng  problems  will  be  tabulated.  The  data  from  which  these  conclusions 
were  drawn  ware  developed  la  the  fluid  Systems  Component a  >1 vision  at  the  Lewis 
leseerch  Center  In  Cleveland,  Chlo. 

BASIC  UQUIUMEMTS 

The  major  advanced  space  .'fissions  demand  large  amounts  of  electric  power. 

This  power  will  be  used  for  both  propulsion  end  auxiliary  requirements.  The 
level  of  operation  for  such  advanced  systems  Is  in  the  range  of  300  to  70,000 
kilowatts  end  the  power  generating  equipment  must  embody  three  basic  requirements. 

(1)  Low  specific  powerplsnt  wet  ght  in  pounds  per  kilowatt  output. 

(2)  Capable  of  lon^  t lac -unattended  operatic;.,  up  to  a  year  or  swore. 

(3)  Must  be  capable  of  both  startup  and  operation  in  a  "eero-grevi ty” 
environment . 

The  need  ior  low  specific  powcrplant  weight  Is  emphasised  by  figure  1.  This 
figure  shows  rite  relation  between  thv  ra-'.io  '{  payload  weight  to  total  powerplsnt 
vright  plotted  agalr.it  thr  trip  tie*  In  days.  These  lurvca^^r^j^oj 
to  -'lira  but  saiuilar  curves  eiiist  lor  other  Dissions.  The  trip  time  Is  fixed 
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initially  by  the  ratio  of  payload  weight  to  total  pcmrplaat  might.  Tbt  trip 
Cine  it  raducad  draatically  by  a  lowtr  value  of  pomrplaat  (pacific  might.  High 
trip  time  a ,  homvtr ,  would  aaaa  iacraaatd  reciramentt  on  component  reliabilities 
aad  increased  probability  of  Mtaorold  damage ,  therefore  a  minimum  might  la 
daairabla. 

TO  achieve  the  lowest  valua  of  (pacific  pomrplant  might,  two  systems  ara 
favorable  at  the  higher  power  1 avals.  These  ara  the  rcactor-therwionlc  systae 
aad  the  raactor^turbogaoarator  ays tea  (fig.  2).  Tbs  balance  of  ay  r marks  will 
be  confined  to  the  reactor- turbogenerator  ays tan  but  the  radiator  is  a  coaewn 
coapoaaat  in  each  ayetem.  The  chief  difference  being  in  the  radiator  temperature: 
the  turbogenerator  systaa  produces  optimum  weights  with  a  radiator  temperature 
batman  1200  and  1400°P  while  the  tharaioeic-aaittcr  systaa  requires  radiator 
temperatures  froa  1800°  to  2000°P.  The  t  /Ilium  application  is  visualised  for 
the  1200°  to  U00°P  radiator. 

The  basic  power  cycle  is  shown  in  figure  3.  It  consists  of  the  components 
arranged  as  shown.  The  cycle  shown  la  a  JUakine  cycle  having  an  alkali  natal 
vapor  as  the  working  fluid  (i.e.,  potassium,  rubidium,  aodlua,  cesium,  or  lithium). 
Such  cycles  have  low  thermal  efficiencies  and  require  large  amounts  of  wests  heat 
to  he  rejected.  This  brings  us  to  the  statement  of  the  "basic  radiator  problem." 
This  ia  bclafly  stated  in  figure  4.  lire  5-g-Vulnr-ebl llty  to  meteoroid  damage  - 
la  the  area  where  our  interest  for  beryllium  it~s.  Baryltiua  theoretically 
produces  the  lowest  weight  ernor  for  e  given  tucr.u  probahlllty. 

The  redletor  trees  required  by  such  tyatena  sr*  very  iu.ge.  Figure  J  eaphas- 


liea  this  p.tnt.  This  i*  e  picture  of  the  conf igur et ion  a  Mara  vehicle  eight 
take.  The  <rait  is  600  feet  long  end  the  radiator  -ueeuree  JC  leal  vide  by  JO' 
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Meny  other  achates  for  rejecting  the  vatt  s  beat  tr»  being  considered  and 
these  are  shows  in  figure  6.  These  ere  the  so-celled  "noofluid"  radiators  end 
they  reduce  the  prise  area  requirements  through  a  continuous  moving  belt.  However, 
the  basic  node  of  waste  beat  rejection  is  still  by  radiation.  The  problem  of 
protection  against  meteoroid  penetration  still  remains. 

Returning  to  the  "fluid  radiators,”  the  basic  fin  aad  tube  configuration  is 
shows  la  figure  7.  Iasi call y,  it  consists  of  aany  parallel  roue  of  tubes  carrying 
the  vapor.  Attached  to  these  tubes  are  additional  beet  radiating  surfaces  cr 
fins.  Many  geoae tries  are  possible  sad  e  few  of  the  possibilities  ere  shown. 

Utilising  the  basic  fin -tube  configuration  in  e  radiator  penal,  results  in  a 
structure  siallar  to  figure  8.  Sows  typical  dimensions  for  two  separate  power 
levels  ere  tabulated  la  tbs  table  on  page  M. 

The  regaining  columns  (Sublimation  and  Ultlaata  Tensile  Strength)  list  other 
considerations  in  the  selection  of  aeterials.  The  indication  is  that  beryllium 
has  a  takers ture  limitation  insofar  as  subllaatioa  aad  ultlnete  tmislle  strength 
are  concerned. 

The  comparative  specific  radiator  weights  for  some  selected  nateriele  ere 

ebowi  In  figure  H.  This  curve  polnte  up  the  weight  edvwcage  oifered  by 

beryllium  end  -.t  the  ease  tine  the  need  for  operating  the  radiator  in  the  1700° 
o 

to  1A00  T  range.  Higher  tenpeiaturee  would  exclude  berylllim  from  consideration 
end  u-i  it  nsceesary  to  design  with  pyrylytlc  graphite  or  even  eolybdenwe. 
colunblus,  or  tantalum.  These  eaterlels  hav*  disadvantages  in  febrtcati<wi  and 
velght . 

The  final  tabulation  (fiyure  1< )  lists  the  problem  areas  sisnclited  with  the 
application  of  herylli<?p.  items  (e)  and  (b)  .ndicete  t ht  difficulties  anticipated 
in  hooding  end  Joining  end  application  of  beryllium  ernor.  S  tamVcY V*  ^*»el  ^  1 
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isporteat,  tine*  eh*  consideration  of  barylllus  in  the  design  is  based  principally 
on  lea  ability  to  racist  sstaorold  paneti  .loo.  Ona  of  our  currant  raaaarcU  areas 
it  eba  experimental  variflcation  of  this  proparty  at  tasperatura. 

I tana  (d)  and  (a)  Hat  tha  poaaibla  problana  with  fatigue  and  corroaion 

raaistaoca. 

Itan  (f)  indicataa  a  prise  araa  of  «ruca-tainty  „ioce  tha  low  elongation  of 
barylllus  sakaa  it  extremely  difficult  to  uaa  in  a  daaign.  Structural  loads  suat 
ba  pradictad  with  groat  accuracy  aid  tha  behavior  of  tha  notarial  under  loads  suat 
be  known  with  equal  or  graatar  accuracy. 

lus  (g)  indicataa  considerations  of  "of f •design"  operation  and  list*  sons 
possible  prebias  areas. 

owens  iow 

The  prise  interest  in  barylllus  in  radiators  for  space  poter  systess  staas 

iron  its  theoretical  resistance  to  penetration  by  meteoroids.  Barylllus  radiator 

o  o 

designs  produce  the  lowest  specific  weight  (lb/kw>  tn  the  120C  to  1400  7  t nepers* 
**«*; .  However,  tiuac  th»oratl*.al  •ibiiititr*  nust  o«  borne  out  eaperi- 
sentslly  end  a  design  technology  tor  low  elongation  sstcrieit,  such  es  berylllus. 
suet  be  developed. 
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Figure  5.  -  Electric  ipeieecnift  for  round  trip  to  Mere. 
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MATERIALS  CONSIDERATIONS 

A.  MECHANICAL  STRENGTH 

1.  INTERNAL  FLUID  PRESSURE  -  OKNERALLY  LOW 

(5  TO  50  PSI) 

2.  THERMAL  STRESSES  -  TEMPERATURE  ORADIBNTS  IN  FIH; 

DIFFERENTIAL  EXPANSION,  COLD  TUBE  IN  BANK 

3.  THERMAL  SHOCK  STRESSES  -  BAD  DURINQ  STAKT-UP 

4.  FLEXURAL  STRESSES  -  UNFOLDDtO  SCHEMES 

5.  VIBRATORY  STRESSES  -  P0U5HPLANT  VOCATIONS  AND 

VEHICLE  MANEUVER;  UNKNOWN  MODES,  FREQUENCIES, 
AND  AMPLITUDES 

6.  CREEP  RATES  -  RELAXATION;  DISTORTIONS 


7.  NKFU  RFFRAf. TORIES  FOR  STRENOTH  FOR 
T  >  1600°  TO  1H003  F 

figure  9 
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B.  CORROSION 


1,  COMPATIBILITY  WITH  ALKALI  METAL  FLUIDS 


2.  DIFFERENT  FLUIDS  NEEDED 

AS  PRESSURE  INCREASES 
HI1H  TEMPERATURE 

3.  BIMETALLIC  SYSTEMS 


FOR  15  PSI 
1400°  F  -  POTASSIUM 
1600-'  F  -  SODIUM 
2400°  F  -  LITHIUM 


4.  LONG  OPERATING  TIMES 


5.  LIMITED  DATA  -  NEED  REFRACTORIES  >1600°  TO  1000°  F 


C.  FABRICATION  AMD  BONDING 

1.  FIN  AND  TUBE  JOINT  -  BIKETALLICS}  JOINING  METHOD i 

JOINT  STRENGTH}  THERMAL  SHOCK. 

2.  ARMOR  SLEEVE  OR  BUMPER  JOINT  -  TUBE  AND  FIN 

3.  TUBE  AND  HEADER  JOINT  -  THERMAL  AND  BENDIKO 

STRESSES 

4.  SHEETS  OF  LARGE  SURFACE  AREA  OR  IENGTH 

/srmiv 

ri*uir  10  4 
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D.  SUBLIMATION 

1.  MATERIAL  LOSS  IN  VACUUM  INCREASES  RAPIDLY  WITH 
TFMPERATURE 

E.  RESISTANCE  TO  METEOROID  PENETRATION  AND  DAMAQE 
P.  EMISSIVl'fY  COATINQS 

1.  QOOD  bOND  -  NO  INTERACTION  WITH  BASE  MATERIALS 

2.  LOW  VOLATILITY  IN  VACUUM 

3.  RESIST  ABRASION  AND  OTHER  L0NQ-T1ME  EFFECTS 

4.  METHOD  OP  APPLICATION  -  LARGE  SURFACE  AREAS 

/C3-^110/ 

Figure  11 
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POSSIBLE  PROBLEMS  WITH  fiERYLTIUK 


A.  BONDING  AND  JOINING  -  OOOD  T1ERNAL  CONDUCTIVITY 

ACROSS  JOINT,  DIFFERENTIAL  THERMA?.  EXPANSION, 
DIFFUSION  STABLE  JOINT  AND  COSTING. 

B.  APPLICATION  OF  ARMOR  TO  FULL  SCALE  RADIATOR. 

C.  LONG  TERM  EFFECTS  OF  TEMPERA' AND  VACUUM  ON 

CREEP,  DUCTILITY  AND  SURFACE  EVAPORATION,  - 
RETENTION  OF  METEOROID  PENETRATION  ASSISTANCE. 

D.  FATIOUE  RESISTANCE  -  CRITICAL  A'"  JOINT  AREAS. 

E.  CORROSION  RESISTANCE  WITH  LI  iCIZ?  I.TPM!  S. 

F.  DESIGN  FOR  MINIMUM  RESTRAINT. 

0.  EFPECT  OF  OFF  DESIGN  CONDITIONS  -  STARTUP,  HIOH 
TEMPERATURE,  VIBRATION,  PLUOGLD  TUBE,  METEORCID 
HIT. 

CS~t3P33 

Figure  14 
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